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It is not without much dirfidcnce that I venture on 
the present pul>Iication* For though as an entomo- 
logist I have necessarily been long familiar with our 
common wild plants, I had made no serious study of 
Botany until recent researches brought prominently 
before us the intimate relations which exist between 
flowers and insects. My observations and notes on 
this subject were originally prepared with the view 
uf encouraging in my children that love of natural 
history from which 1 m^'self have derived so much 
happiness, but it was suggested to me that a little 
book such as the present might perhaps be of use 
to others also. 

Sprcngcl, in his admirable work, Das entdeckte 
tJeheimniss dcr Xatur/' published as long ago as the 
year J793, was the first to show how much plants are 
ilependent on the visits of insects, and to point out 
that the forms and colours of flowers are adapted to 
iuisiire, and profit hy^ those visits. His work, how- 
ever, diil not attract the attention which it deserved, 
and our knowledge of the subject made little pro- 
gress until the publication of Mr- Darwin's researches, 
to which I shall continually hav^e occasion to refer. 
Dr. Hermann IVlulIer in his Die Befruchtung dcr 
lilumen durch Insekten/' has brought together 
the observations of previous writers, and added 
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to them an immense number of his own. Maiij’ 
other naturalists — for instance, Axcll, Bennett, Del- 
pino, Hildebrand, Hooker, F. Miillcr, and Oy;lc, have 
also published valuable memoirs on the subject. i<> 
which I shall frequently have occasion to refer ; but 
to the works of Sprengel, Darwin, and Dr. IL Muller 
I am indebted in almost every page, and in .spite 
of constant references, it is impo.ssible for me atle- 
quately to acknowledge my obligations to them. 
In the systematic portion, I have followed Mr. Jien- 
tham’s excellent “ Handbook of the British Flora.” 

As far as possible, I have avoided the u.sc of 
technical terms, but some were unavoidable ; rt:f<T- 
ences for these will be found in the Index, and I ha\'e 
also given a Glossary of the technical terms most fre- 
quently employed. 

I have to thank various friends wiio have betnr 
good enough to assLst me, but especially Dr. Htioker 
and Mr. Bu.sk, who have been .so very kind a.s to Umk 
through my proofs. 

In conclusion, I must add that the .subject is com- 
paratively new, and many of the observations have 
not yet stood that ordeal of repetition which they 
will no doubt experience. While, therefore, I believe 
that the facts will be found to be in the main correct, 
the inferences drawn from them must, in many cases, 
be regarded rather as suggestions than as well esta- 
blished theories. The whole subject Ls one which 
is most interesting in itself, and will richly repay 
those who devote themselves to it. 

High Ei.m.s, Down, Kent, 

Sipimtber^ i S74, 
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Ancmophilous (p* 9) plants arc those in which the pollen is carried to 
the stigma by the wind. 

Anthei*, that portion of the stamen which contains the pollen. 

Calyx (p. 23), the outer whorl of the flower. 

i'leistogamous siiecies (p. 32), are those which, besides tlie iisnal con- 
spicuous ilowcrs, have others which are smaller, ami generally 
tmcoloured. 

Corolla (p. 23), the second whorl of the iluwcr. In most cases this is 
.the coloured part. 

Dichogamnus species {p. 24) are those in which the stamens and pistil 
do not mature siinultaneoiisly. 

Diclinous plants (p. 24), are those in which all the dowers are either 
male <n* female, tliat is to say, cither contain stamens but no pistil, 
or pistil but no stamens. 

Dimorphous species {p. 25) arc those in which there are two forms of 
dowers, <rdTcrjng in the relative position i>r length of the anthers 
and stigma. 

Dkecious species {p. 24) are those in which the stamens and pistils are 
situated not only in distinct flowers, but also on separate plants. 

Entomophilous |>Iants (p. 9) are those in winch the pollen is carried to 
the stigma l>y insects 

Epigynous, situated upon tiic ovary. 

Filament, the stalk of the anther. 

Heterogamous plants are those which have male, female, and her- 
maphrodite dowers, or any two of them united in one head. 
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OHOSSAR V. 


Heteromorphous species are those in which tliere is more than one f<i>rin 
of flower. 

!Hypogynoas, situated under the ovary. 

Ivfonceclous species (p. 24) are those in which the stamens ami pistils aie 
in sei:iarate dowers, but on the same plant. 

IMonomorphous species are those in which all the tiowers resemble one 
another in the relative position of the stamens and pistil. 

^sTectary, that part of the flower which secretes honey. 

Perigynoiis, situated around the ovary. 

Petals, the leaves of the corolla. 

Pistil, the central organ of the flower. It generally consists of one *»i 
more ovaries an<i stigmas ; the stigma is t>rten raised tm a stalk, callts I 
a ** style."* 

Polygamous species arc those which have male, firniaie, and hermaphro- 
dite flowers on the same or on distinct plants. 

Proterandrous plants (p. 24) are those isr which the stutuens conte U> 
maturity before the pistil. 

I’roterogynous plants (p. 24) are those in which the pistil c<»ines U» 
maturity l>efore the stamens- 

Sepals (p. 23) the leaves of the calyx. 

Stamens (p. 23) the parts of a tlovcer %vhich generally ;^tand next the 
corolla, on the inner side. They usually consist a stalk or 
filament, and an ** anther** containing the pulien. 

Stigma (p. 23), that portion of the pistil in which pollen must l*r 
tleposited in order to fertilise the flowers. 

Style, the stalk of the stigma. 


Trimorphous species are those in which there are three forms of flowery 
diffenng in the relative position or length of the anthers and 
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CHAPTER 1 . — Introduction, 

Tiik flowers of our gardens differ much in size and 
colour from those of the same species growing 
wild in their native woods and fields : this is due 
partly to cultivation, but still more to the careful 
selection of seeds or cuttings from those plants, the 
flowers of which show any superiority over the others 
in size or colour. 

Even amongst wild flowers, however, recent re- 
searches have proved that the forms and colours have 
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been modified in a similar manner : the observations 
of botanists, especially of Spreng'cl, Darwin, and 11. 
Muller, have shown that the forms am.1 colon ns of 
wild flowers are mainly owing’ to the uncon.scious 
selection exercised by insects, although no dtailrt the 
existence of a certain amount of colouring matter 
is, as we see in the autumn tint.s, in various fungi, 
seaweeds, &c., due to other cau.se.s. 

Sprcngcl appears to have been the first who per- 
ceived the intimate relations which e.xist between 
plants and insects ; and Gcranimn sj'h'aA\ /nn (see p. l) 
will always have an iirtcrest a.s being the flower which 
first led him to his researches. In the year tjSy he 
observed that in the corolla of thi.s species there arc 
a number of delicate hairs; and, cmivinced, ns he says, 
that “the wise Author of Nature would not have 
created even a hair in vain,” he endeavoured to ascer- 
tain the use of these hairs, and sati.sfied himself that 
they served to protect the honey from rain. 

His attention having thus been drawn to the .sub- 
ject, he examined numerous other flowers "with great 
care, and was surprised to find how many points in 
reference to them could be explained by their rela- 
tions to in.sccts. 

The visits of insects are of great importance to 
plants in transferring the pollen from the stamens to 
the pistil. In many plants the stamens and pistil are 
situated in separate flowers : and even in those cases 
where they are contained in the same flower, self-fer- 
tilisation is often rendered difficult, or impossible; 
sometimes by the relative position of the stamens and 
pistil, sometimes by their not coming to maturity at 
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tjie same time- Under these circumstances the trans- 
ference of the pollen from the stamens to the pistil 
fs effected in various ways- In some species the 
pollen is carried by the action of the wind ; in some 
few cases, by birds ; but in the majority, this im- 
portant object is secured by the visits of insects, 
and the whole organisation of such flowers is adapted 
to this purpose. 

To the honey are due the visits of Insects ; the 
sweet scent and bright colours of the flowers attract 
them ; the lines and circles on the corolla guide them 
to the right spot ; and, as we shall see, there are a 
number of curious contrivances all tending to the same 
object. But while SprengeFs deep religious feeling thus 
gave him the clue which has thrown so much light on 
the origin and structure of flowers, the comparatively 
low conception of creative power which was in his 
time, and, indeed, until recently, prevalent, led him to 
assume that each flower was created as we now see it, 
and prevented him from perceiving the real signifi- 
cance of the facts which he had discovered ; while 
the true explanation could scarcely have escaped 
him if he had possessed that higher view of creation 
which we owe to Mr. Darwin. Though he observed 
that in many species the stamens and pistil are not 
mature simultaneously, and that such plants there- 
fore cannot fertilise themselves, but are generally 
dependent on the visits of insects, he appears to have 
considered that these visits were arranged mainly in 
order to overcome the difficulty of fertilisation thus 
resulting ; and hence, perhaps, the oblivion into which 
his work, though so interesting and suggestive in 
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itself, so full of curious and careful observations, was 
allowed to fall. For there is an obvious incon- 
sistency in the coexistence of two elaljorate sets 
of arrangements, one tending to preclude, the other 
to effect, .self-fertilisation ; in supposing that in the 
first place the stamens and pi.stil were so arrangetl 
that the pollen of the one might not fertilise the 
other ; and, secondly, that claliorate contrivances 
were devised to promote the visits of insects, and 
compel them to transfer the pollen from the stamens 
to the pistil: a result whicli might have been ob- 
tained so much more simply by a slight alteratit>n 
of the flower itself. 

It is the more remarkable that this did not strike 
Sprengel, because he expressly observes in one pas- 
sage that, “Die Natur nicht will dass irgend eimr 
Zwitterblumc durch ihren eigenen Stau!> bcfriichtet 
werden solle” (Nature does not wi.sii that any cont- 
pletc flower should be fertili.scd by its own pollen). 
Yet though thus so near the truth, he failed to per- 
ceive the true importance of the vi.sit.s of insects. 
Subsequent observers, though in some cases recc»g- 
nising the advantage of fertilising one flower by 
pollen from another, did not connect the.se ob.scrva- 
tions with Sprcngel’s discovcrie.s ; and our illustrious 
countryman Mr. Darwin was the first to bring into 
prominence the fact that the importance of insects to 
flowers consisted in their transferring the pollen — not 
merely from the .stamens to the pi.stil, but from the 
stamens of one plant to the pistil of another. 

While then from time immemorial we have known 
that flowers are of great importance to insectn, it i.s 
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only comparatively of late that we have realised how 
important, indeed how necessary, insects are to flowers. 
For it is not too much to say, that if, on the one hand, 
flowers are in many cases necessary to the existence 
of insects ; insects, on the other hand, are still more 
indispensable to the very existence of flowers : — 
that, if insects have been in many cases modified and 
adapted with a view to obtain honey and pollen from 
flowers, flowers in their turn owe their scent and 
colour, their honey, and even their distinctive forms 
to the action of insects. There has thus been an in- 
teraction of insects upon flowers, and of flowers upon 
insects, resulting in the gradual modification of both. 

If it be objected that I am assuming the existence 
of these gradual modifications, I must reply that it 
is not here my purpose to discuss the doctrine of 
Natural Selection. I may, however, remind the 
reader that Mr. Darwin’s theory is based on the 
following considerations : — i. That no two animals or 
plants in nature are identical in all respects. 2. That 
the offspring tend to inherit the peculiarities of their 
parents. 3. That of those which come into existence, 
only a certain number reach maturity. 4. That those 
which are, on the whole, best adapted to the circum- 
stances in which they are placed, are most likely to 
leave descendants. 

Now, applying these considerations to flowers ; if 
it be an advantage to them that they should be visited 
by insects (and that this is so will presently be shown), 
then it is obvious that those flowers which, either by 
their larger size, or brighter colour, or sweeter scent, 
or greater richness in honey, are most attractive to 
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insects, will, cic/cris paribus, have an advantage in the 
struggle for existence, and be most likely to per- 
petuate their race. 

Every garden indeed is a sufllcicnt proof that in 
size and colour, flowers arc susceptible of great 
modifications ; and insects uttconscituisiy produce 
changes similar to those which man effects by 
design. 

Insects are useful to plants in various ways. Thus, 
a species of acacia mentioned by Mr. Belt,^ if unpro- 
tected, is apt to be stripped of its leaves by a leaf- 
cutting ant, which uses the leaves, not directly for 
food, but, according to Mr. Belt, to grow mushrooms 
on. The acacia, however, bears hollow thorns, and 
each leaflet produces honey in a crater-formed gland 
at the base, and a small, sweet, pear-.shaped body at 
the tip. In consequence, it is inhabited by myriatls 
of a small ant, Pscudomyrma hicolor, which nests 
in the hollow thorns, and thus finds meat, drink, and 
lodging all provided for it. Those ants arc con- 
tinually roaming over the plant, and constitute a 
most efficient body-guard, not only driving off the 
leaf-cutting ants, but even in Mr. Belt’s opinion, ren- 
dering the leaves less liable to be eaten by herbivo- 
rous mammalia. 

The principal service, however, which insects per- 
form for plants is that of transferring the pollen from 
one flower to another. 

I will not now enter on the large question why this 
cross-fertilisation should be an advantage ; but that 

* F. Muller has oljserved similar facts In Sta. Cathorina. {Naim't, 

VOl. X. p. 102.) 
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it is so has been clearly proved. Kolreuter speaks 
with astonishment of the “ statiira portmtosa” of some 
plants thns raised by him ; indeed, says Mr. Darwin 
(“Animals and Plants under Domestication,” ch. xvii.), 
“ all experimentei's have been struck with the won- 
derful vigour, height, size, tenacity of life, precocity, 
and hardiness of their hybrid productions.” Mr. 
Darwin himself, however, was, I believe, the first to 
show that if a flower be fertilised by pollen from a 
different plant, the seedlings so produced are much 
stronger than if the plant be fertilised by its own 
pollen. I have had tlie advantage of seeing several 
of these experiments, and the difference is certainly 
most striking. For instance, six crossed and six self- 
fertilised seeds of Ipomcsa purpztrea were grown in 
pairs on opposite sides of the same pots ; the former 
reached a height of 7 ft., while the others were on 
an average only 5 ft. 4 in. The first also flowered 
more profusely. It is moreover remarkable that in 
many cases plants are themselves more fertile if sup- 
plied with pollen from a different flower, a different 
variety, or even, as it would appear in some instances 
(in the passion flovver, for instance), from a different 
species. Nay, in some cases pollen has no effect 
whatever unless transferred to a different flower. 
Fritz Muller has recorded some species in which 
pollen, if placed on the stigma of the same flower, 
has not only no more effect than so much inorganic 
dust ; but, which is perhaps even more extraordinary, 
in others, he states that the pollen placed on the 
stigma of its own flower acted on it like a poison. 
This he noticed in several species : the flower faded and 
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fell off ; the pollen-grains themselves, and the stigma 
in contact with them, shrivelled up, turned brown, 
and decayed ; while other flowers on the same branch, 
which were not so treated, retained their freshness. 

The transference of the pollen from one flower to 
another is, as I have already mentioned, effected 
principally either by the wind or by in.sccts. In the 
former case the flower is rarely conspicuous ; indeed 
Mr. Darwin finds it “an invariable rule that when a 
flower is fertilised by the wind it never has a gaily- 
coloured corolla.” Conifer-s, grassics, birches, poplans, 
&c., belong to this category. 

In such plants a much larger quantity of pollen 
is required than where fertilisation is cflccted by 
insects. Everyone has observed the showers of 
yellow pollen produced by the Scotch fir. It is 
an advantage to these plants to flower before the 
leaves are out, because the latter would greatly in- 
terfere with the access of the pollen to the female 
flower. Hence such plants, as a rule, flower early in 
the spring. Again, in such flowers the filament.<i of 
the stamens are generally long, and the pollen is k\s.s 
adherent, so that it can easily be detached by the 
wind, which would manifestly be a disadvantage in 
the case of those flowers which are fertilised by 
insects. On the other hand, it is an advantage to 
most seeds to be somewhat tightly attached, becau.se 
they are then only removed by a high wind which Is 
capable of carrying them some distance. I say “ to 
most” because this does not apply to such seeds as 
those of the dandelion, which are special! v adapted 
to be carried by the wind. 



1-3 


BV WINn AND INSECl'S. 


9 


Again, as Mr. Darwin has pointed out, irregular 
flowers appear to be almost always fertilised by 
insects. 

Wind-fertilised flowers, moreover, generally have 
the stigma more or less branched or hairy, which 
evidently tends to increase its chance of catching the 
pollen. 

Figs. I to 6, taken from Axell’s work, illustrate 


Fig. X. Fig. s. Fig. 3. 



Fig. 4 - Fxg- 5* Fxti. 6, 


Fic;. t. of the Alder. Fig. a. — Of the Hop. Fig. 3.-“ Of the Wheat ; which 

arc aneimiphiUms. Fig. 4.-' Of the Willow. Fzg. 5. — Of the Flax. Fxg. 6. — Of 
N uphar ; which are entoniophilous. 


this difference. In the alder (Fig. i), the hop (Fig. 2), 
and wheat (Fig. 3), the pollen is wind-borne, whence 
they have been termed by Delpino “ anemophilous 
while in the willow (Fig. 4), the flax (Fig. 5), and 
nuphar, (the yellow water lily) (Fig. 6), it is carried 
by insects, whence such plants have been termed 
“ entomophilous'* 
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Even in nearly allied plants this dil'fcrcncc is well 
marked, in illustration of which Axell {^ives the 
following figui'cs taken from Maout anti Dccaisnc’s 
“TraittS gtSnerale de Botanique”: — Fig. 7 represents 
a section of a flower of Plauta^^o tvhich is 

wind-fertilised ; Fig. S of an allied specie.s, P/uwfi<i£o 


FlC. 7. Kir;. R. 



Fk;. 9. Fm. tow 

Fkj. 7. — Section of Fljmtftjgo Fia. 8-— Of Fliimbuga Flo, 

Flower of Poierium sanjjuisorbai Fiu. lo.— Of Sungu»^»rlMt wfficiiwli*. 

Europea, which is insect-fertilised. Again, Fig. 9 re- 
presents a section of Poterium sangitisorlm, which is 
wind-fertilised ; Fig. to of the nearly allied Sattppii- 
sorba officinalis, which is fertilised by insects. 
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It is an almost invariable rule that wind-fertil- 
ised flowers arc inconspicuous; but the reverse does 
not hold good, and there are many flowers which, 
though habitually visited by insects, are not brightly 
coloured. In some cases, flowers make up by their 
numbers for the want of individual conspicuousness. 
In others, the insects are attracted by scent ; indeed, 
as has already been mentioned, not only the colour ^ 
of flowers, but the scent also, has no doubt been 
greatly developed through natural selection, as an 
attraction to insects. But though bright colours and 
strong odours are sufficient to attract the attention 
of insects, something more is required. Flowers, 
however sweet-smelling or beautiful, would not be 
visited by insects unless they had some inducements 
more substantial to offer. These advantages are the 
pollen and the honey ; although it has been sug- 
gested that some flowers beguile insects by holding 
out the expectation of honey which does not really 
exist, just as some animals repel their enemies by 
resembling other species which are either dangerous 
or disagreeable. 

The honey is secreted, sometimes by one part of the 
flower, sometimes by another ; and great variations 
may be found in this respect even within the limits 
of a single order. Thus in the Ranunculaceae the 
honey glands are situated on the calyx, in certain 
Paeonies ; on the petals, in buttercups and hellebore ; 

* In confirmation of this it is stated that when insects are excluded, 
the blossoms last longer than is otherwise the case ; that when ilowers 
are once fertilised, the corolla soon drops off, i^ts function being per- 
formed. 
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on the stamens, according to Muller, in Pulsatilla ; 
and on the ovary, in Caltha. 

The pollen, of course, though very useful to insects, 
is also essential to the flower itself ; but the scent and 
the honey, at least in their present development, are 
mainly useful in securing the visits of insects, though 
the honey is also sometimes of service in causing the 
pollen to adhere to the proboscis of tiie insect. 

That bees are attracted by, and can distinguish, 
colours, was no doubt a just inference fn>ni the 
observations on their relation to flowers, but I am 
not cognisant of any direct evidence on the subject. 
I thought it therefore worth while to make some 
experiments ; and a selection from them will bo 
recorded in the forthcoming volume of the Journal 
of the Linnean Society. I placed slips of glass with 
honey, on paper of various colour-s, accustoming 
different bees to visit special colours, and when they 
had made a few visits to honey on paper of a par- 
ticular colour, I found that if the papers were trans- 
posed the bees followed the colour. 

But if flowers have been modified with reference 
to the visits of insects, insects also have in some cases 
been gradually modified, so as to profit by their visits 
to flowers. This is specially the case with reference 
to two groups of insects, namely. Bees and Butter- 
flies, which have been specially studied by H. Muller 
with reference to this point ; and from his works 
the following facts are mainly taken. Although the 
whole organisation of the insect might be said to 
have reference to these relations, still the parts which 
have been the most profoundly altered are the mouth 
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and the legs. If we are asked why we assume 
that in these cases the mouth and legs have been 
modified, the answer is, that they depart greatly 
from the type found in allied insects, and that be- 
tween this original type and the most modified 
examples, various gradations are to be found. 

The mouth of an insect is composed of (i) an 
upper lip (Fig. 1 1 a), (2) an under lip (Fig. xid) 
(3) a pair of anterior jaws or mandibles (Fig. i t b), 
and (4) a pair of posterior jaws or maxillae (Fig. 
1 1 c). These two pairs of jaws work laterally, 


a 



FiG. XI.— Mouth-parts of a Wasp. labmm or upper Hp ; 25, raandibles ; c, maxilkjc ; 
d, labium or Iow<ir lip ; -rjr, palpi. 


that is to say, from side to side, and not, as in man 
and other mammalia, upwards and down\vards. The 
lower lip and maxillae are each provided with a pair 
of feelers or palpi (Fig. i\, c and d, x). The above 
figures represent the mouth parts of a wasp, in which, 
as is very usually the case, the mandibles are hard 
and horny, while the maxillae are delicate and mem- 
branous. In the different groups of insects, these 
organs present almost infinite variations. 
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Fig. 12 represents the nioutli parts of a bee, Frosopis 
(Fig. 13), seen from below ; ni d being the inandible.s ; 


jp<r per 



Fig. jca. — Front part of head of 
Frosopis, scon from below, 
with the mouth » parts ex- 
tended. paragfossm ; //, 

ligiila ; jri/, latnai palpi ; pift, 
maxillary palpi ; w/, men- 
tnm ; sty. stipes ; 7Ha\ man- 
dibles ; Cy ciircio ; eye. 


/w, the palpi of the niaxillm 
pi, those of the lower lip. 

The bees belonging to this 
genus construct their cells in 
sand, or in the centre of dry 
bramble sticks, lining them with 
a transparent mucus, which they 
smooth down with their trowel- 
likc lower lip (Fig. 12 //), and 
which hardens into a thin mem- 
brane (Smith “ Catalogue of 
Brit. Hymcnoptcra,” p, 7). 

That the mouth of Frosopis 
probably represents the condi- 
tion of that of the ancc.stors of 


the Hive-bees, before their mouth-parts underwent spe- 
cial modifications, may be inferred from the fact that 
the same type occurs in allied groups, as is shown in 
Fig. 14, which repre.sents the motith of a wa.sp (Folistcs) 



tio. J3.— IViisojus. Fit;. * 4 . — Mmith-pam of PoliMCfc. 

also seen from below. We may therefore consider 
that Frosopis shows in thi.s respect no special adap- 
tation for the acquirement of honev, and in fact. 
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though the bees belonging to this genus feed their 
young on honey and pollen, they can only get the 


Fig. xs. 


Fig. i6- 





Fig. 17. 



n 



Fig, 19. 


Fig, 1:5. — Mouth-parts of Andreua, seen from below — poraglossae ; /«> ligula ; 
/4 labial palpi ; pm, maxillary palpi ; fnt, mentum ; st, stipes ; c, cardo ; o, eye. 
Fio. Haiictus. Fig. a?,— OfPanurgus, Fig. 18, — Of Halictoides- Fig. 

*9. — Of Chelosioma, 


former from those flowers in which it is on the 
surface. In Andrena (Fig 15), Halictus (Fig. 16), 
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Fanurgus (Fig. 17), Halictoides (Fig. 18), and Chelos- 
toma (Fig. ig), we see various stage.s in the elon- 
gation of the lower lip, until at length it reaches 
the remarkable and extreme form which it now 
presents in the hive and humble bees (Fig. 20), and 





Fig- ®o.— H« acl of lluynblc-l>ec Vk’ith tho 

; //, iigula^; //, lahial ; /w, muxilinry ymiim *»f 

dktt*; />//, menrum ; stijwji ; md^ xiiaiuiibk^; t\ t'iirdu; rye, 

which enables them to extract the honey from 
almost all our wild fiowens. No bees, however, 
have the proboscis so much elongated as is the 
case with some butterflies and moths ; perhaps, 
as Hermann Muller has suggested, because the 
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necessity of using their mouth for certain domestic 
purposes has limited its specialisation in this parti- 
cular direction. 

If, again, we examine the hind-legs of bees, we 
shall find gradations similar to those already men- 
tioned in the lower lip. In Prosopis (Fig. 21) they 
do not differ materially from those of genera which 
supply their young with animal food. Portions of 
the leg, indeed, bear stiff hairs, the original use of 



which, probably, was to clean these burrowing insects 
from particles of .sand and earth, but which in Pro- 
sopis assist also in the collection of pollen. 

Fig, 22 represents the hind leg of Sphecodes (Fig. 
23), a genus in which the tongue resembles in form 
that of Halictus. Here we see the baits decidedly 
more developed, a modification which has advanced 
still further in Halictus (Fig. 24), in which the de- 

c 
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velopment of the hairs is most marked on those seg- 
ments of the hind legs which are most conveniently 
situated for the collection and transport of pollen. In 
Panurgus, the same change is still more marked (Fig. 
25) and the pollen-bearing apparatus is confined to 
the tibia, and first segment of the tarsus, a differen- 
tiation which is even more apparent in Anthophora 
(Fig. 26). In all these bees the pollen is simply en- 
tangled in the hairs of the leg, as in a brush, but there 



are other genera, of which the humble bees and the hive 
bees are the only British representatives, which moisten 
the pollen with honey, and thus form it into a sticky 
mass, which is much more easy to carry, and is borne 
not round the leg, but on one side of it. In the 
Humble-bee (Bombus, Fig. 27) for instance, the 
honey is borne on the outer side of the hinder tibiae, 
which are flattened, smoothed, and bordered by a 
row of stiff curved hairs, thus forming a sort of 
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little basket. Lastly in the Hive-bee (Fig. 28) the 
adaptation is still more complete, the hairs on the 
first tarsal segment are no longer scattered, but are 
arranged in regular rows, and the tibial spurs, inherited 
by Bombus from far distant ancestors, have entirely 
disappeared. 

In some bees the pollen is collected on the body, 
and here also we find a remarkable gradation from 
Prosopis (Fig. 13) which has only simple hairs like a 



Kig. 37. — Right hind-leg of JJtwidus Fig. 3b. — Right hind-leg of Hive-bee. 
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wasp ; through Sphecodes and Nomada, in which the 
longer hairs are still few and generally simple (though 
some few are feathered) ; to Andrena and Halictus 
where the hairs are much more developed ; a change 
which is still more marked in Saropoda, Colletes, 
and Megachile ; still more so in Osmia and An- 
thophora ; until we come to the Humble-bees, in 
which the whole body is covered with long feathered 
hairs. 

It is difficult to account for the relations which 

C 2 
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exist between flowers and insects, by the lu’pothesis 
of a mere blind instinct on the part of the latter. 

Thus Sarcophaffa carnarux vi.sits Poh'sounni lUstorta 
in search of honey, although that flower doc.s not 
contain any. Genista tinctoria again, though not mel- 
liferou.s, is visited by the males of .sev'cral species of 
bees in search of honey. The .sanie i.s tliie case with 
Ononis. H. Miillcr records a case in which he watchetl 
a female Humble-bee (/>’. tcfrest?-is') examining ati 
Aquilegia; she made several vain attempts to suck the 
honey, but after awhile, having apparently satisfied 
herself that .she wa.s unable to do so, bit a hole 
through the corolla. Having tlui.s secured the honey, 
she visited several other flowers, biting holes through 
them, without making any attempt to suck them first ; 
conscious apparently that she was unable to <lo .so 
He also observed a similar instance in relation to 
Primula clatior. In Vida cracca and some other 
species, Bombas terresiris habitually obtains acccs.s to 
the honey by biting a hole at the base of the flower ; 
and these holes are then .subsequently u.seil by other 
bees. Indeed anyone who ha.s watched bees in green- 
hoiuses will see that they arc neither confined by 
original in.stinct to .special flowers, nor do they visit 
all flowers indifTercntly. 

It would also appear that indiviilual bees tlifler 
somewhat in their mode of treating flowers. Some 
Humble-bees suck the honey of the I'rcnch bean and 
Scarlet runner in the legitimate manner, while others 
cut a hole in the tube and thus reach it, so to say, 
.surreptitiou.sly ; and Dr. Ogle has ob.sefvcd that the 
same bee always proceeded in the same manner. 
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some always by the mouth of the flower, others 
always cutting- a hole. He particularly mentions 
that this was the case with bees of one and the 
same species, and infers, therefore, that the different 
individuals differ from one another in their degrees 
of intelligence ; these observations, though of course 
not conclusive, are interesting and suggestive. 

Lastly, some insects confine themselves to parti- 
cular flowers. Thus, according to H. Muller — 


Andrena florea 
Halictoides 
Andrena hattorfiana 
Cilissa melanura 
Macropis labiata 
Osmia adunca 



Bryonia dioica 
Species of Campanula. 
Scabiosa arvensis. 
Lythrum Salicaria. 
Lysimachia vulgaris. 
Echium. 


Another remarkable peculiarity of plants, which 
may I think possibly have reference to their rela- 
tions with insects, is the habit of " sleeping,” which 
characterises certain species. 

Many flowers close their petals during rain, which 
is obviously an advantage, since it prevents the honey 
and pollen from being spoilt or washed away. Every- 
body, however, has observed that even in fine weather 
certain flowers close at particular hours. This habit 
of going to sleep is surely very curious. Why should 
flowers do so ? 

In animals we can understand it ; they are tired 
and require rest. But why should flowers sleep ? 
Why should some flowers do so, and not others ? 
Moreover, different flowers keep different hours. The 
Daisy opens at sunrise and closes at sunset, whence 
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its name “day’s-eye.” The Dandelion I^LconttHlon 
Taraxaciem) is said to open about seven ;ind dose 
about five; Art'/iaria rubra to be open from nine to 
three ; ^ NymJ>hcca alba from about seven to four ; tlie 
common IMouse-car Hawkweed {^Hirradum Pilosrlia) 
from eight to three; the Scarlet rimpcrncl (Aua- 
^a/lls arveusls) to waken at seven and dose soon 
after two ; 7'ra£-opc\iLOH pratrusis to <»pen at four in 
the morning, and dose just before twelve, whence 
its English name, “John go to bed at not>n.” Far- 
mers’ boys in some parts are saitl to regulate their 
dinner-time by it. Other flowers, on the contrary', 
open in the evening.^ 

Now, it is obvious that fiower.s wliich arc fertilised 
by night-flying in.sect.s would derive no advantage from 
being open da}' ; and on the other hand, that those 
which are fertilised by bce.s would gain nothing by 
being open at night. Nay, it would be a tlistinct dis- 
advantage, bccau.se it would render them li.ible to Ijc 
robbed of their honey and pollen, by insect.s which 
are not capable of fertilising thesn, I would venture 
to sugge.st, then, that the clo.sing of flowers may 
have reference to the habits of in.sccts, and it may be 
observed also in support of thi.s that wind-fertilisctl 
flowers do not sleep; and that .some of those flowers 
which attract insects by smell, emit their scent 
at particular hours ; thus, I/esperis mainmalis ant! 
Lptknis vrsfirrtiua smell in the evening, and Ordtis 
bifolia is particularly sweet at night. 

* In my own cjlwerv.-nions the openini; and clfwing wai more frradn.tl 
nnd more dependent on the weather than I shuukl have cxjtcclcd hum 

the statenuntsi quotctl above* 
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CHAPTER IL 

I NOW pass to the structure and modification of 
jflowers. A complete flower consists of (i) an outer 
envelope or calyx, sometimes tubular, sometimes con- 
sisting of separate leaves called sepals ; (2) an inner 
envelope or corolla, which is generally more or less 
coloured, and which, like the calyx, is sometimes 
tubular, sometimes composed of separate leaves, called 
petals ; (3) of one or more stamens, consisting of a 
stalk or filament^ and a head or anther^ in which the 
pollen is produced ; and (4) a pistil or an ovary, which 
is situated in the centre of the flower, and contains 
one or more seeds or ovules. The pistil consists of a 
stalk or stj/e; and a sti£^ma^ to which the pollen must 
find its way in order to fertilize the flower^ and which 
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in many familiar instances forms a sniail head at the 
top of the style. In some cases the .style i.s absent, 
and the stigma is consequently sessile. 

Thus, the pistil is normally surrounded by a row of 
stamens, and it would seem at first sight a very 
simple matter that the pollen of the latter should 
fall on the former. This in fact dties hajspen in 
many instances, and flowers which thu.s fertilize 
themselves have evidently one great advantage — 
few remain sterile for want of pollen. 

Such cases, however, are much less frequent than 
might at first be supposed, and there are three prin- 
cipal modes by which self-fertilization i.s prevented. 
Firstly, in many specie.s, the .stamens and pistil are 
situated in different flowers ; such specie.s are called 
diclinous s when the male and female flower.s are on 
the same plant, they arc termed monoecious / when on 
different plants, dioecious. 

Secondly, in other instances, as was first discovered 
by Sprengel, though the stamens and pistil arc both 
situated in one flower, they are not mature at the 
same time, and the pollen, therefore, cannot fertilize 
the stigma. These plants are called dicho^amous. 
Sometimes, as in the Arum, the pistil matures before 
the anther, and these plants are called pr&tero^nous ; 
but much more frequently the anther matures before 
the pistil ; and such plants are called proUrandrous. 

Thirdly, there are some plants in which, as was filnst 
di.scovered by Mr. Darwin, the same object is secured 
by the existence, within the limits of the same species, 
of two or more kinds of flowers, differing in the rela- 
tive position of the stamens and pistil, which are so 
placed as to favour the transference by insects of the 
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pollen from the anther of the one form to the pistil of 
the other. These plants are termed I; eter amorphous ; 
some of them have two kinds of flowers, and are 
called dimorphous ; while others have three forms, and 
are called triviorphous. 

But even in plants which belong to none of these 
categories we find minor modifications which tend 
to prevent self-fertilization ; and Mr. Darwin is pro- 
bably right in his opinion that no plant invariably 
fertilizes itself. Thus in some species where the 
stamens surround the pistil, and which might, there- 
fore, be. supposed to be arranged in such a man- 
ner as to ensure self-fertilization, the anthers do not 
open towards the pistil, but on the sides, and by no 
means therefore in a favourable position with reference 
to the transference of the pollen. In most, if not all 
the Cruciferae, the anthers in young flowers have the 
side which opens turned towards the pistil ; but be- 
fore the anthers come to maturity they twist them- 
selves round, so as to turn their backs to the stigma. 
Again, in pendent flowers, where the pistil hangs 
below' the anthers, the stigmatic surface is never the 
upper one, which would catch any falling pollen ; but 
on the contrary, the lower one, which could hardly be 
touched by the pollen of the same flower, but which 
is so placed as to come in contact with any insect 
or other body approaching the flower from below. 

It is also probable that many cases will be found to 
exist, in which, though the pollen necessarily comes in 
contact with the pistil of the same plant, fertilization 
does not take place. However improbable this might 
d priori appear, it is nevertheless said by Hildebrand 
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to be the case in Corjdalis I'cn'a and Pulmmiaria 
(Fig. 96}, by Gartner in Vcrbascum niRrutu (Fig. 98), 
and Lobelia fzil^eas ; b>’ Scott in Pritnifla I't rlicillafa, 
Oncidin7n, &c. 

Other casc.s are recorded in wliich plants arc more 
or less insusceptible of fertilization l)y their own 
pollen. Moreover, even where plants arc capable of 
self-fertilization, the pollen from another tlower is 
often more effective than their own, wltetice it fol- 
lows that if a supply of pollen fr^nn another plant 
be secured, it is comparatively unimportant to ex- 
clude the pollen of the plant it.sclf ; for in such cases 
the latter Ls neutralized by the more powerful effect of 
the former. 

Everyone who has watcheti ihnvcrs, and ha.s ob- 
served how assiduou.sly they are visiteil by insects, 
will admit th»at these insects must often deposit 
on the stigma pollen brought from other plants, 
generally those of the same specie.s ; for it i.s a re- 
markable fact that in mo.st cases bee.s confine them- 
selves in each journey to a single specie.s of idant ; 
though in the case of some very nearly allied forms 
this is not so ; for instance, it is stated, on good 
authority, that Kaumtculus aeris^ R, repetts, anti R. 
httlbosKS, are not distinguished by the b«es, or at 
least are vi.sited indifferently by them, a.s i.s also the 
case with two of the .species of clover, Trifolinm 
fragi/cnon and T. ripens. 

Even in the simplest and most regular flowers, 
where the stamens surround the pistil, and both arc 
mature at the same time, insects may visit the flower, 
and 3'ct not fertilise it with its own pollen, because 
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they touch the anther with one side of the proboscis 
and the stigma with the other. There are, however, 
in flowers a great many admirable and beautiful 
contrivances, tending to prevent the fertilization of a 
flower by its own pollen ; in consequence of which 
insects habitually carry the pollen from the anthers 
of one flower to the stigma of another. 

As already mentioned, there are three principal 
modes in which self-fertilisation is prevented. Firstly, 
by the stamens and pistil being situated in different 
flowers, either on the same plant, or, more commonly, 
in different plants. These differences form the char- 
acteristics of the classes, Monoecia, Dicecia, and Poly- 
gamia, of Linnmus ; but it is obvious that such classes 
are not natural, since we have in very nearly allied 
species, even within the limits of what is generally 
considered a single genus, cases in which the one is 
diclinojis, that is to say, has the stamens atid pistil 
in separate flowers, while in the other, the flowers 
contain both. 

Secondly, in other cases, the self-fertilization of 
I>lants, as was first observed by Sprengel in Epilobium 
angiistifoliurn in the year 1790, is guarded against 
by the fact that the stamens and pistils do not ripen 
at the same ti me- 
in some few cases the pistil ripens before the sta- 
mens ; these species are called “ proterogynousP Thus 
the Aristolochia has a flower which consists of a long 
tube with a narrow opening closed by stiff hairs which 
point backwards, so that it much resembles an ordi- 
nary eel-trap. Small flies enter the tube in search of 
honey, which from the direction of the hairs they can 
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do easily, though on the other hand, from the same 
cause, it is impossible for them to return. I'hu.s tliey 
are imprisoned in the flower ; gradual^', however, the 
pistil pas.ses m.'iturity, and the stigma ceases to be capa- 
ble of fertilisation, while the stamens ripen anti shctl 
their pollen, by which the flies get thoroughly du.stetl. 
Then the hairs of the tube shrivel up anti release the 
prisoners, which carry the pollen to antJther flower. 

Again, in the common Arum, we fiiui 
a somewhat similar motie of fertilisation. 
The wcil-known green leaf, as shown in 
the annexed diagrammatic flgure(I*'ig. 
29), encloses a ceiUral jiillur which sup- 
ports a number of stigmas (I*'ig. 29, j?/.) 
near the biise, and of anthers (u) some- 
what higher. Now in this case notliing 
would at first sight seem easier or more 
natural than that the ptfllen from the 
anthers should fall on, and fertilise, the 
pistils. This, however, i.s not what occurs. 
The stigmas mature before the anthers, 
and by the time tlte pollen is sited, have 
become incapable of fertilisation. It 
Fic;. a<>— Diagram; is imposstblc, thcrcforc, that tlie plant 

Nor can tlic pol- 
When it is 
shed it drops to the bottom of the tube, 
where it is so effectually sheltered that nothing short 
of a hurricane could dislodge it ; and although Arum 
is common enough, still the chances against any of 
the pollen so dislodged being blown into the tube 
of another plant would be immense. 



matic section of * i 1 r 11* 

Arum. A, huirs; shoulci fcrtlllSC itsclf. 

anthers i si, ^ i 'i * \ 

stigmas. icH bc Carried by wind. 
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As, however, in Aristolochia, so also in Arum, small 
insects which, attracted by the showy central spadix, 
the prospect of shelter or of honey, enter the tube while 
the stigmias are mature, find themselves imprisoned, 
by the fringe of hairs (Fig. 29, h), which, while per- 
mitting their entrance, prevent them from returning. 
After a while, however, the period of maturity of the 
stigmas is over, and each secretes a drop of honcy^ 
thus repaying the insects for their captivity. The 
anthers then ripen and shed their pollen, which falls 
on and adheres to the insects. Then the hairs 
gradually shrivel up and set the insects free, which 
carry the pollen with them, so that those which then 
visit another plant can hardly fail to deposit some of 
it on the .stigma.s. Sometimes more than a hundred 
small flies will be found in a single Arum. In these 
two cases there is obviously a great advantage in 
the fact that the stigmas arrive at maturity before 
the anthens. 

Our common Scrophularia 7 iodosa, some species of 
Plantago, &c., are also protcrog>mous, but these cases 
are comparatively rare. 

On the other hand tho.se in which the anthers come 
to maturity before the pistil arc much more numerous. 
To the category of these plants, which are called prote- 
randrotts, belong some species of Thyme, Pinks, Epilo- 
bium (Irigs. 47, 48), Geranium (Fig. 40), Malva (Figs. 
43, 44), (Maliow), Impatiens, Gentians, many of the 
Labiatai, the Umbellifers, most of the Composites, 
of the Lobeliaceaj, and Campanulacese. In fact, the 
greater number of flowers which contain both stamens 
and pistil, are more or less proterandrous. 
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Fig. 30 represents a flower of the Pink in the first, 
or male condition. The stamen.s are mature, and pro- 
ject above the disk of the flower, while the pistil is 
still concealed within the tube. On the other hand 
Fig. 31 represents the same flower in a more udvancetl 
condition ; the stamens have shrivelled up, while the 
pistil now occupies their place. 

Again, Fig. 32 rcprcsent.s a flower of the Thyme 
{T/ifmus scr/>}'/hem') and shew.s the four mature .sta- 
mens, cm, and the short, as yet uinlevelopctl pistil, />. 




33. on the contrary, rcprcsent.s a somewhat okicr 
flower, in which the stamens are pa.st maturity, while 
the pistil, J>, on the other hand, is considerably elon- 
gated, and is ready for the reception of the pollen. 

Here it is at once obvious that insect.s alighting on 
the younger (male) flowers would dust themselves with 
pollen, some of which, if they sub.scquently alighted 
on an older flower, they could not fail to deposit on 
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the stigma.^ In some cases flowers which are first 
male and then female, are male on the first day of 




opening, female on the second. In others the period 

* In the Thymes there are likewise some small flowers which contain 

no stamens* 
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is longer. Thus Nigella, according to Si>rcngc!, is 
male for six days, after which tlie stigma conies to 
maturity and lasts for three or four. (Das cntdeckte 
Gcheimniss der Natur, p, 287.) 

Fig. 34 represents a flower of JfymWis rrrsia^A^r (a 
species often known as the Forget-me-not), when just 
opened. It will be observed tliat the pistil projects 
above the corolla and stamens, so tliat it must l>e first 
touched by any insect alighting on the flower. 
Gradually, however, the condla elcuigatcs, carrjung 
up the stamens with it, until at length they come 
opposite the stigma, as shown in Fig. 35. Thus, if 
the flower has not alreadj’' been fertilised by insects, it 
is almost sure to fertilise itself 

I now pass to the third i>f the principal modes by 
which self-fertilisation is prevented. In the flowers 
hitherto described, while the several species offer the 
most diverse arrangements, we have met witli no 
differences within the limits of the same species, ex- 
cepting those dependent upon sex. But there arc 
other species which possess fli>wers of two or more 
kinds, sometimes, as in the violet, adapted to dif- 
ferent conditions, but more fsanpiently so constituted 
as to ensure cross-fertilisation. In some of the violets 
(V. Sic.), besides the f>!ue flowers with 

which we arc all so fanuliar, there are other, autumnal, 
flowers almost without petals and stamens ; tvhich 
indeed have scarcely the appearance of true flowers, 
but in which numerous seetls arc prodticech ** C/m** 
flowers, as these have l:>cen called, occur 
also in Lamium ampitxiozH/i* 3f> and 37), Oxaiis 

acetmella^ I'^ri/oHum and other plants 
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belonging- to very different groups. They were, I 
believe, first observed by Dillenius in Ruellia {Hortiis 
Elthamensis, v. ii. p. 239). As, however, they have no 



Kig. 3C>,«*“'t’i«ristogamoui5 flower of Fig. 37. — Section of ditto. 

a minm ampii'xic* e sv/r, 

relation to our present subject, I shall not now dwell 
upon them. 

I pass on, therefore, to the genus Primula. If a 
number of specimens of primroses or of cowslips be 



examined, we shall find that about half of them 
have the pistil at the top of the tube, and the 
stamens half-way down (as is shown in Fig. 38^, 

n 
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while the other half have, on the contrary, the 
stamens at the top of the tube, and the pistil half- 
way down (as shown in Fi^. 39). Correspondini^ 
differences occur in Polyanthus and Auricula, and 
have long been known to gardeners, and even to 
schoolchildren, by whom the two forms are distin- 
guished as “ thrum-eyed ” and “ pin-eyed.” As 
already mentioned, plants which present the.se differ- 
ences are known as Uetetxmtorphons (in opposition to 
those which are Jlomoinorphous, or iiavc only one 
kind of flower), while tho.se with two forms arc called 
Dhnorpftoits, tho.se with three, Trimotp/uws. 

Sprengel himself had noticed a case of iJimorphism 
in Hottonia, and shrewdly ob.scrvcd that there was 
probably sonre reas.«>n for it, but was unable to 
suggest any explanation. 

In Lythrum the existence of different forms had 
been observed by Vaucher in 1841, and in the genus 
Oxalis by Jacquin, who regarded them as indicative of 
different species ; but it was reserved for the genius 
and perseverance of Mr. Darwin to explain (Jour- 
Linn. Soc. 1862, p. 77) the significance of thi.s curious 
phenomenon, and the important part it play.s in the 
economy of the flower. Now that Mr. Darwin ha.s 
pointed this out, it is sufficiently obvious : An insect 
thrusting its proboscis down a primro.se* of the long- 
styled form (Fig. 39) would du.st it.s probo.sci.s at a 
part w'hich, when it visited a short-.styled flower 
(Fig. 40), would come just opposite the head of the. 
pistil, and could not fail to deposit some of the 
pollen on the stigma. Conversely, an insect vi.siting 
a short-styled plant, would dust its proboscis at a 
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part further from the tip ; which, when the insect sub- 
sequently visited a loni^-styled flower, would again 
come just op|>osito to the head of the pistil. Hence 
we .sec that by thi.s beautiful arrangement, insects 
niu.st carry the pollen of tlic long-styled form to the 
short-styled, and T’/rr tu'rs 4 . 

There arc other points in which the two forms differ 
from one another ; for instance, the .stigma of the long- 
.styled form is globular and rough, while that of the 
.short-stylcd is smoother, and somewhat depressed. 
The pollen of the two forms (Figs. 38 and 39) is 
also dissimilar ; that of the long-styled being con- 
siderably smaller than the other^ — To’oir of an inch in 
diameter against or nearly in the proportion of 

three to two ; a difference, the importance of which 
is probably due to the fact that each grain has to 
give rise to a tube which penetrates the w'hole length 
of the style, from the stigma to the base of the flower ; 
and the tube which penetrates the long-styled pistil 
mu.st therefore be nearly twice as long as in the 
other. Mr. Darwin has shown that much more seed 
is set, if pollen from the one form be placed on the 
pistil of the other, than if the flower be fertilised bj' 
pollen of the same form, even taken from a dif- 
ferent plant. Nay, what is mo.st remarkable, such 
unions in Primula are more sterile than crosses 
between some nearly allied, though distinct species 
of plants. 

The majority of species of the genus Primula 
appear to be dimorphous, but this is not the case. 
(Scott, Proa Linn. Soc. v. viii. 1864, p. 80.) 

Mr. Darwin has since pointed out (Jour. Linn. 

D 2 
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Soc. iS 6 $) that several species i.>f IJnuni arc 
dimorphous, in the same manner as those of rrimnla ; 
and has shown that the existence of three forms in 
Lythrum (Figs. 77 — 80) already <vbserveci by \'aucher, 
is to be explained in the .sasne manner. I sliull refer 
to this case more in detail when we come tt) that 
family. Nor are these by any means the only cases 
of Hctcromorphism now known. I havx‘ already 



mentioned that of Oxalis, and I-iildcbrand givc-s the 
following list of genera as containing Ilcteromorphous 
species, viz., Ilottonia, Primula, IJnum, Lythrum, 
Pulmonaria, Cinchona, Mitchella, Plantago, Rhamnus, 
Amsinckia, Mertensia, l.,eucosmia. Drymosjjcrmum, 
Menyanthes, and Polygonum. It will be observed that 
these genera belong to very different groups, while on 
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the other hand, in several cases, as in Primula itself 
(Scott, Proc. Linn. Soc. vol. viii.), we find monomor- 
phous and heteromorphous species in the same genus. 

Another point of great interest, is the spontaneous 
movement of the stamens and pistil in dichogamous 
plants, first observed by Kolreuter in £-raveo- 

h'ns ; he, however, supposed that the object was to 
biing the stamens in contact with the pistil ; whereas 
the real advantage, as Sprengel pointed out, is that 



Ki«r {young Fig. 4a — Crran/nem (older 

Bower)* Five of the ure flower). The stamens have retircdjj 

erect. and the stigmas are expanded. 


in consequence the stamens and pistil successively 
occupy the same spot in the flower, and thus come in 
contact with the same part of the insect. For instance, 
in Geranium praiense (Fig. 40), when the flower first 
opens, the stamens lie on the petals, at right angles 
with the upright pistils. As, however, they come to 
maturity they raise themselves (Fig. 41 d), parallel and 
close to the pistil (Fig. 41 b), which, however, is not as 
yet capable of fertilisation. After they have shed their 
pollen, they return to their original position (Fig. 42), 
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ami the stij^mas unfurl tlicmsclvcs. Mure or less 
similar movements have been ctijscrvetl in various 
other flowers. Thus the anthers of the Foxf^love 
{Di^fta/is f>itr/'iirt'a) (Fij^.s. itx>~io2‘'t, which arc at 
first transverse, become lons^itudinal as tliey ripen. 

In aquatic plants, the Iflossoms habitually come to 
the surface. In I'^d/rsf/t'n'a s/'/rti/is tlie feinale flower 
lias a long .spiral stalk which onahie.s it ti> rise to 
the top of the water. I'he male fhnvirrs which are 
small, ver>' nunierous, aiu! attached lower ilown. 
separate thcmsciv'c.s altogether from the plant, ri.se 
to the .surface, and fertilise the female flowers, among 
which they float. When this is effected, the spiral 
stalk of the female flower again contracts, and draws 
it down below the surf.ice. 

While the pollen ^n^rains from each flt>wer agree very 
clo.seiy with one another, those of <iifferent .species 
differ greatly in form, size, character tif surflurt', &c. 
Doubtless there arc reasons for these <lillcrenccs, hut 
the .subject is one with reference to which wc have 
as yet very little information. 

According to Sprengcl, the pollen of wind-fcrtiliscil 
flowers is drier, and therefore more easily carried i>y 
the wind, than that of mo.st insect-fertilised fl<nver.s. 
I say of most, because in some cases, for instance 
in the violet, as will be shown presently, it is as 
neces-sary that the pollen should .separate readily 
from the anthens, as in wind-fertilised flowers. 

Mr. Bennett .state.s that the pollen of wind-fertilised 
flowers is generally spherical ; wliile that of in.scct- 
fertiliscd flowers is usually furrowed, the furrows 
running along the longer axis of the grain. 



I!.] /-'OA'.lf AXD QUANTITY OF POLLEN. 


39 


In Dimorphous species the pollen of the short- 
styled form is generally larger than that of the long- 
styled form, but in Linum, according to Hildebrand, 
(“ Die Gcs. Vcrth. bci den Pfianzen,” p. 37) it is of the 
same size in both forms. 

In Faramca, another Dimorphous group, the sur- 
face of the pollen grains is different in the two forms 
('rhome, “ Das Gesetz der vcrmieclenen Selbstbe- 
fruchtung bei den hdheren Pfianzen,” 1870), the 
smaller grains of the long-st^ded form being smooth, 
while those of the short-styled form are studded 
with small points ; in consequence of which the pol- 
len-grains are le.ss easily detached from the anther ; 
this difference possibly has reference to the different 
position of the two forms; the smooth ones being 
sheltered by the flower ; while the larger pollen- 
grains, which arc produced in the anthers of the 
long stamens, and are therefore more exposed to the 
wind, arc, in consequence of their roughness, less 
liable to be blown away and wasted. 

According to D. Miiller Zeit., 1857) the pollen 
of the .small flowers of Viola elatior and V. lancifolia 
is minute and round, Herr von Mohl, however, found 
no difference between the pollen of the large and 
small flowers in V. mirabilis {Bot. Zczt, 1863)- The 
number of grains in these flowers is very small So 
also in the cleistogamous flowers of Oxalis acetosella, 
there are not above two dozen pollen-grains in each 
of the five larger anthers, and one dozen in each of 
the five smaller ones. The ovules are about twenty 
in number. 

It is interesting to notice that the contrivances by 



40 GEOLOGICAL AXTI<2f'ITy OF FIaHVERS. Ii-hai*. 


whicli cross-fertnisation is favoured, or ensured, are 
probably of very different g'oolopjical anti<|uity. Thus 
as Miiiler has pointed out, the special peculiarities of 
the UmbcHifcne and Conipositju have been inherited 
respectively from the ancestral forms of those orders ; 
those of Delphinium, Aquilegia, Linaria, and Pcdicu- 
laris, from the ancestral forms of the respective 
genera ; those of Polygonutn Fagopyrnm, P. Bis/&r/a, 
JLonicera Capri/oiium, &c., from the ancestors of those 
species ; while in Lysimm/tia z'/tigaris, Rltiuttnt/tus 
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Cristagalli, V^ermica spicaia, Eitp/imsia Otlmitites, and 
A. officinalis, we find that differences have arisen even 
within the limits of one and the same species. 

Among other obvious evidences that the beauty of 
flowers is useful to them, in consequence of its attract- 
ing insects, we may adduce those cases in which the 
transference of the pollen is effected in different 
manners in nearly allied plants, sometimes even in 
different species belonging to the same genus. 
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Thus, as Miilier has pointed out, Malva sylvestris 
(Fig. 43) iind Afa/va rotundifolia (Fig. 44), which grow 
in the same localities, and therefore must come into 
competition, are ncverthele,ss nearly equally common. 
In both species the young flower contains a pyramidal 
group of stamens which surround the stigma, and 
produce a large quantity of pollen, which cannot fail 
to dust any insect visiting the flower for the sake of its 
honey. In Mah'a sylvestris (Fig. 43), where thebranches 
of the stignuji are so arranged (Fig. 45), that the plant 
cannot fertilise itself, the petals are large and conspi- 
cuous, so that the plant is visited by numerous insects; 



a«d ttignias of Mahm Fig. 46.— Ditto of Mahm. roiuudi/&ha^ 

while in Malva rotundifolia (Fig. 44), the flowers of 
which are comparatively small and rarely visited by 
insects, the branches of the stigma are elongated 
and twine themselves (Fig. 46) among the stamens, 
so that the flower can hardly fail to fertilise itself. 

Another remarkable instance occurs in the genus 
Epilobiunn, which is, moreover, specially interesting, 
because in E. an^ustifolium^ as I have already men- 
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tioned, the curious fact was first noticcti that the pistil 
did not mature until the stamens had shed their pollen. 
E. a7ig!tstifi.>iinjn (Fig. 47) has conspicuous purplish- 
red flowcr.s, in long terminal bunches or raccme.s, and 
is mucii frequented by insects ; E. pift’ijhu'iati (I'’ig. 
48), on the contrar>', has small solitary flowcr.s, ami i.s 
seldom visited by insects. Now, to the former .species 
the vi.sits of insects are neces.sary, since the stamen.s 
ripen before the pistil, and the flower has consetpiently 
lost the power of self-fertilisation. In the latter, on 
the contrary, the stamens and pistil come to maturity 
at the same time, and the flower can tiiereforc 
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fertilise it.se!f. It is, however, no tloubt .sometimes 
crossed by the agency of insects ; and indeed I am 
disposed to believe that this is true of all the flowers 
which are either coloured or sweet .scented. 

The genus Geranium al.so affords u.s an instructive 
example. There are a number of specic.s which, as 
will be seen in Fig. 49, differ much in the size of the 
flowers. Thus those (i*'ig. 49fl() of 
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40) ni-arly twice as; large as tliose of G.fjre- 
nnicum (I'ig, 4 () l>), winch again arc much larger than 
those of (i. we/A- ( Ing. 49 r), while those of G.pusillum 
(Fig. 4<)</) arc .still smaller, The.se differences of 
size appear to be connected with other remarkable 
<liftert!'nce,s between these .specic.s. F'ig, 41, as already 
mentioneii. represent.s a flower of G. pmfertre when 
first openeil. Five of the stamens have raised them- 
•sclvc.s and .stand upright, and .surround the still 
immature pistil. When they have 
sheti their prrilcn they sink back and 
shrivel up, when the other fwc raise 
t!icmselvc.s. At a later stage thc.se 
in their turn fall back and shrivel up ; 
but the .stigjna does not become ma- 
ture (Fig. 42), until ail the stamen.s 
luivc shed their pollen. Under these 
circumstujices (J. pra/t'/ise has lost 
the power of .self-fertilisation, and is 
absolutely dependent on the visits of 
insects. 

G,p}>rt'fmic»m (Fig. 49 A) is also pro- 
terandrous; but while in C. pratt'Nse 
the pistil is not mature until the sta- 
mens have shed ail their pollen and fallen back, in 
G.fyirmmcum the second series of stamens "are still 
upright when the stigmatic lobes unfurl ; the flower is 
consequently less absolutely dependent on insects, and 
we see that the corolla is much smaller. 

In the third species, G. molle (Fig. 49 r), the pistil 
matures before the second series of stamens, and the 
corolla is still smaller ; while in G.pusiUum (Fig. 49 d) 
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the pistil matures before any of the stamens. Thu.s 
then these four species may be arranged in a table as 
below : — 


G»JSANirM 

GKRANIt'M 

Ci?.KAKir jy( 


I'KATHENSa. ' 

rVKK?JAlCeM. 

Mut.t.K. 

rt'Mi iN'H, 

FlO'Wer large. 

Flower small. 

Flower smaller. 

Flower smallest J 

First exclusively 

First exclusively 

First exclusively 

First exclusively 

male, then ex- 

male, then her- 

male, ther> her- 
maphrotliic. 

female, siKin 

clusively fe- 

maphroiUtc. 

becoming her- 

male* 

i 

j 

maphrmiite. 

Iiicapal>le of self- 

C,JeneralIy fertil- 

Often self-fertil- 

Generally self- ^ 

fertilization. 

ised by insects. , 

1 ised. 

fertilisCiL 

f 


Indeed, though further obscn.'atlons on the point 
are no doubt required, it would seem that, as a general 
rule, where we find within the limits of one genus some 
species which are much more conspicuous than others, 
we may suspect that tiiey are also more dependent 
on the visits of insecte. 

Sprengel also suggests, and, as it would appear, 
with reason, that the line.s and bands by which so 
many flowers are ornamented have reference to the 
position of the honey ; * and it may be observed that 
these honey-guide.s are absent in night-flowers, where 
of course they would not be visible, and would there- 
fore be useless, as, for instance, in Lje/mis vespertitm 
(Fig. 50), or SiUfte nutans. Night-flowers, moreover, 

* I did not realise the importance of these guiding marks until, l»y 
experiment* on Ijecs, I saw how much time they kwe if honey, which 
s pat out for them, is moved even slightly from its usual placeu 
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arc generally pale ; for in.'^tance. Lychnis vcspcrtina is 
white, while Lychnis diunta, which flowers by day, 
is red. 

I have been good-humouredly accused of attacking 
the Bee, because I have ventured to suggest that she 
does not possess all the high qualities which have 
been popularly and poetically ascribed to her. But if 
scientific observations do not altogether support the 



moral and intellectual eminence which has been 
ascribed to Bees, they have made known to us in the 
economy of the hive many curious peculiarities which 
no poet had dreamt of, and have shown that bees 
and other insects have an importance as r^ards 
flowers which had been previously unsuspected. To 
them we owe the beauty of our gardens, the sweet- 
ness of our fields. To them flowers are indebted for 
their scent and colour ; nay, for their very existence. 
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in its present form. Not only have the present shape 
and outlines, the brilliant colours, the sweet scent, 
and the honey of flowers, been gradually deve!o|’>ed 
through the unconscious selection exercised by insects ; 
but the very arrangement of the colours, the circular 
bands and radiating lines, the form, size, and positir>n 
of the petals, the relative situations of the stamens 
and pistil, are all arranged with reference to the 
visits of insects, and in such a manner as to iurstire 
the grand object which these visits are destined to 
effect. 
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CHAPTER HI. 

DICOT YDRD O JVS. 

TIIALAMIFLOR^. 

In the preceding chapters I have endeavoured to give 
a general sketch of the relations existing between 
jfiowers and insects. I shall now proceed to de- 
scribe particular instances more in detail, following in 
general the classification adopted in Mr. Bentham's 
admirable Handbook of the British Flora/* from 
which also many of my facts and illustrations have 
been borrowed. I propose to go through the Engiish 
Flora, in the order of Mr. Bentham’s work, calling at- 
tention to those facts, bearing on our present subject, 
which strike me as most interesting. The present 
chapter is devoted to the thalamifioral division of the 
Dicotyledons. 
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The vegetable kingdom may be divi<ied into 
flowering and flowerless plants ; while flowering plants 
again fail into two divisions, known as Dicotyle- 
dons or Exogcns and Monocotyledons or I''n«U>gens. 
Dicotyledonotis or exogenous plants are thf»se in 
which, when the seed germinates, the “ /'/umnA'" or 
bud arises between two (rarely mor<’) seed-leaves or 
cotyledons of the embryo, or from a terminal notcit. 
In this class the leaves have their ncrv'cs branched, 
forming a sort of network, as in the £>ak, beech, 
clover, violet, &c. In their growth thc>- increase by 
forming new woody tissue over the okl, whence the 
term " Exogenous.” In a I>icotyIedonous or exo- 
genous tree, therefore, we And a number of con- 
centric circles, each representing a iJcrioci uf growth, 
and indicating, though roughlj", its age in years. 
Monocotyledonous or endogenous plant.s, oh the con- 
trary, are those in which the pluniulc or bud is tlc- 
veloped from a s!\eath-like cavity on one sitle of the 
cotyledon. The leaves have parallel nerves, as for 
instance in grasses, orchid.s, lilies, palnus, &c. In a 
cro-ss-section the wood shows no concentric circles, 
but consists of bundles of woody fibre irregularly 
imbedded in cellular tissue. Both these classc.s have 
flowers. 

Cryptogams, on the contrary {ferns, mos.ses, sea- 
weeds, lichens, fungi, &c), have no flower.s, and 
multiply by bodies called spores. 

That the colour of the corolla has reference to the 
visits of insects is also well shown by the case of tho.se 
flowers, which — as, for instance, the ray or outside 
florets of Centaurea — have neither stamens nor pistils, 
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and merely serve, therefore, to render the flower-head 
more conspicuous. The calyx, moreover, is usuall^^^ 
green ; but when the position of the flower is such 
that it is much exposed^ it becomes brightly coloured, 
as, for instance, in the Berberry or Larkspur 

The above characters, though true in the main, do 
not hold good in all cases. For instance the genus 
Arum, though a Monocotyledon, has reticulated 
nerves, but its stem is endogenous, and its embryo 
has only one cotyledon. 

The class of Dicotyledons is divisible into four sub- 
classes, which may be thus characterised : — 

T halamijiorcB. Petals distinct from the calyx and 
from each other, seldom wanting. Stamens 
usually hypogynous (i.e. attached under the 
ovary), so that if the calyx be torn away the 
stamens remain. 

Calyciflo7^(B. Petals usually distinct. Stamens 
perigynous {i.e. attached round the ovary), or 
epigynous {i.e. placed upon the ovary). 

CoroUiJloree or Monopetalce. Petals united (at 
least, at the base) into a single corolla. 

JncQinplctCB or DToTzochlainydef^. Perianth or floral 
envelope, really or apparently simple ; or none. 

These subclasses may be tabulated as follows : — 


reriantli 


I single or none MonoeWamydese. 


\ double/ 


corolla of united petals . 

. / stamens byi^o- 

I corolla of disJ 

tinct petals perigy- 




CorolliflorEe. 

Thalamifloroa 


nous or 
nous 


perigy- ) 

r epigy- > Calyciflorre. 


K 
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RAX U X C U I .A C IC. 1’. . 

This order contains fourteen British f^cncra, in- 
cluding the Clematis, Ranunculus (Buttercup), Ane- 
mone, Columbine, Hellebore, Larkspur, Ba*on\-, &c. 

In the Buttercup (Ratiufic/tlus ttcris), the anthers 
commence to discharge their pollen, us soon as the 
flower opens, beginning from the outsitle. Tlie 
stigmas, however, are not as yet niature, nor do the 
stamens open on the side which is turned towards 
them, but on the contrary, on tlieir edges ; moreover 
as each stamen ripens, it generally turns outwards. 
The result of this i.s that bees and other insects, which 
visit the flowers in searcu of honey, arc almost sure 
to dust themselves with polkm ; which they carry 
away with them, and are then verj' likely to tlcposit 
it on another flower. The stigmas arc mature before 
the inner stamen.s have shed all their pollen, and self- 
fertilisation must often take place, both by means of 
the small insects which may almost invariably be 
found wandering about the flower, and because the 
inner .stamens often touch .some of the stignras. 
Larger insects, however, which fly from flower to 
flower, mu.st habitually carry the pollen from the 
younger flowens, and deposit it on the .stigma.s of 
those more advanced. 

Clematis recta produces no honey, but is vi.sited for 
the sake of the pollen. It is proterandrou.s (.see p. 24), 
but not very decidedly so; for as in other flowers 
which do not produce honey, if the stamens had shed 
all their pollen before the pistil came to maturity. 
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insects would cease to visit the flowers before the 
stigma had attained maturity, and had thus become 
susceptible of fertilisation. 

Like Clematis, Thalictrum produces no honey. The 
Xaetals are absent, and the sepals minute, but the 
.stamens are numerous and brightly coloured- 

Caltha palustris has large yellow sepals, but no true 
petals. In the Hellebore also the petals are minute, 
but secrete honey. The species of this genus are said 
by Hildebrand to be proterogynous (see p. 24). 

In Aiic 7 no 7 ic Jiemorosa the colouring is given not by 
the corolla, but by the calyx. The flower does not 
appear to produce honey, but bees are said to pierce 
the base of the flower, and lick the sap. 

Dclphiniu 7 n (the Larkspur) is a very interesting 
genus. The D. clatu^n (Figs. 51 — 54) has been well 
described by H. Muller. The five sepals, are brightly 
coloured ; the upper one is produced into a long spur 
{x -r). The two upper petals are also produced into 
spurs which lie within the former, and secrete honey. 
In order to reach this it is necessary for the bee to 
jwess its proboscis between the upper and lower petals, 
through the interval (Figs. 51, S 3 ?«)• The lower wall 
of this orifice is in front closed by the lower petals 
(Fig.s. 51,53 ps pc), which are turned upwards and 
.sideways, so as to form the lower wall of the orifice 
leading to the nectary, and to cover the stamens and 
pistils. Immediately behind the entrance to the tube, 
however, these petals contract so as to leave a space (w). 
The stamens {a) and pistil lie below this space, and as 
the stamens ripen, they successively raise themselves, 
and their anthers pass through this space, as shown in 

E 2 



DE/.PIilXlCM. 
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Fig. 5r a', so that tlie proboscis of tlic bee, in passing 
down to the honey can hardly fail to conic in contact 
with them. After shedding their pollen, they turn 
down again, and when each anther has thus raised 
it.self and again retired, tlic pistil in its turn takes pos- 

Fic. 5 If. «!4 



Fic, 5'^ 

Fir, 51,— -A ynuTiu: llmver of wemt (tmn tlir *yir| rifirr rr- 

iiioval «»f tht! ii.ily X. 

Fta, Scrtioii of tho ixanie llowor siyon from thr xs,|,r. 

Fig. 5?.— -An oj^kr tlowcr, soeo from the fr4mt, rfUer rrtitoving thr 
FiG. 54.— -Section of the .natue rtsiwcr^ fr*.im thr 

session of the place, an .shown in Fig. 53, and 54 s/ ; 
and is thus .so pLaced, that a bee which has vi.siteci 
a younger flower and there du.stcd its probo.scis, can 
hartlly fail to deposit some of the pollen on the 
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stigma, tig 51 represents a young ’flower seen- 
from the front, and after the removal of the calyx ; 
it shows the entrance leading to the nectary, in 
which are seen the heads of two mature stamens, a' 
while the others, a are situated in a cluster below, 
tig. 52 represents a section of the same flower. 

53 represents a somewhat older flower, in the 
same position as Fig. 51. In this case the stamens 
have all shed their pollen and retired, while the stig- 
mas st^ on the contrary, have risen up, and are seen 
projecting into the space ni. Fig. 54 represents a 
side view in section of this flower. Ajzthophora pilipes 
and Bombtis hortorimz are the only two North 
Ituropean insects, which have a j^roboscis long enough 
to reach to the end of the spur of Delphinium elatum. 
A . ptlipes^ however, is a spring insect, and has already 
di.sappcared, before the Delphinium comes into flower, 
which appears to depend for its fertilisation entirely 
on Bo 7 )zbus /lortoruin. 

It will be seen that the Ranunculacese offer very 
remarkable differences in the manner of their adap- 
tation to insects. Honey is secreted by the sepals 
in certain Pmonies ; by the petals in Ranunculus, 
Delphinium, Helleborus, &c. ; by the stamens in Pul- 
satilla ; by the ovary in Caltha ; while it is entirely 
absent in Clematis, Anemone, and Thalictrum. The 
conspicuousness of the flower is due to the corolla in 
Ranunculus ; to the calyx in Anemone, Caltha, and 
Helleborus; to both in Aquilegia and Delphinium; 
to the stamens in Thalictrum. The honey is in some 
cases easily accessible, in others it is situated at the 
end of a long spur. The former species are capable 
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of self-fertilisation, the latter are said l>y il. Muller 
to have lost that power. 

BERr,KRri)i-:.K- 

The common Berberry is the onlj’ British representa- 
tive of this order, thou.sjh Epii/uuihtm alpinntH has 
by some been considered to be indigenous ; as Mr. 
Bentham thinks, on insufficient grountis. 

In the common Berberry {lierbcyis vulgaris), the 
stamens (Figs. 55 f f, 56 a) lie close to the petals and 
almost at right angles to the pistil, as .shown in 



Kiti* 55* Fig. 56* 

Fr<*. 55,^ — Flower seeo from alnive. 

Fig, 56.**— Pistil wish two nfter she visit of un iiwr*. 


Fig. 55 - The honey-glands <««) are twelve in 
number, situated in pairs at the base of the petals, 
so that the honey occupies the angle between the 
bases of tlic .stamens and of the pistil. The papil- 
lary edge of the .summit of the pistil (e) is the 
stigma. In open flowers of this kind it is of course 
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obvious that insects will dust themselves with the 
pollen and then carry it with them to other flowers. 
In Berberis, however, both advantages, the dusting 
and the cross-fertilisation, are promoted by a very 
curious contrivance. The bases of the stamens are 
highly irritable, and when an insect touches them the 
stamens spring forward to the position shown in 
Fig. strike the insect. The effect of this is 

not only to shed the pollen over the insect, but also 
in some cases to startle it and drive it away, so that it 
carries the pollen, thus acquired, to another flower. 

NYMPH.®ACE^. 

This order is represented by two British species. 
Ny7}iphisa alba, the White Waterlily; and Ntiphar 
lutca, the Yellow Waterlily. According to Delpino, 
N. alba is fertilised by beetles. Sprengel contrasts 
the large size of the pistil and the great number of 
the stamens in N. liitea, where the fertilisation is, as it 
were, a matter of accident, with the small pistil and 
four stamens of a Labiate ; such, for instance, as the 
common Dead Nettle, which, as we shall see, are so 
beautifully arranged with reference to one another, and 
where consequently so much less pollen is required. 

PAPAVERACEAi. 

Of this family the Common Poppy is the best 
known representative, though the Celandine is also 
common on roadsides, especially near villages. The 
Poppy has two sepals, which drop off as the flower 
expands ; four petals ; numerous stamens, forming 
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a ring round a globular or ovoid |>istil, wliich is 
crowned by a circular disk, on wliich the stigmas 
radiate from the centre. The flowers secrete no 
honey, but are visited for the sake of the pollen. 
Owing to the weakness of the petaLs, in.sects naturally 
alight on the stigma, which forms a mo.st convenient 
stage for them in the centre of the .stamens, and the}' 
thus naturally carry the pollen from one flower to 
another. 


FUMARIACK/K 

Thi.s natural order contain.s only two Briti.sh genera, 
Fumaria and Corydalis. The flowers of Ihimaria 
have not yet, I think, been .satisfactorily c.vplaincd. 
Their form and arrangement are very .singular, but 
thej'" are not very conspicuous, and are said to be 
little visited by insects, being, according to Muller, 
self- fertile. 

In Corydali.s, on the contrary, the flowers arc much 
larger, more conspicuous, and, at Ica.st in C. cava, 
arc said to have lost the power of self-fertilisation. 

I I ildebrand has found (Ueber die liestaubungs Vtjrrich- 
tungen bei den Fumariaceen) that they arc ab.solutcly 
sterile with their own pollen, and only imperfectly 
fertile with that from other flowers of the .same plant, 
so that they can only be completely fertilised by that 
from a different plant. The tube of the flower is 
12 niilHinctres long, and as the honey only occupies 
at most 4 — 5 millimetres, it is inaccessible to the. 
Hive bee, whose probosci.s ts only 6 mm, long, and 
almost .so to the common humble bee, in which it 
is 7 — 9, or at most 10 mm. long. The latter can 
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reach the honey, but iiot lap it conveniently. She, 
however, is in the habit of biting a hole through the 
tube, by which means she obtains access to the honey, 
and in some plants the greater number of flowei-s 
will be found to have been treated in this manner. 
Several other bees, for instance, the hive bee, Andrena 
tt/lticaz/Sf K. ; A. nitida, Fourc. ; Sphccodcs gibbiis, L. ; 
and A^onutda fubru'ia/ia, L., have been observed by 
.Midler to make u.se of the entrance thus prepared for 
them. Moreover, though the hive bees are unable to 
suck the flowers in their natural condition, the flowers 
are visited by them for the sake of their pollen. 

CRUCIFER^'E. 

'The Wallflower, Stock, Cabbage, Shepherd’s Purse, 
Watercrcs.s, &c. belong to this group. 

I'hc Crucifene are easily distinguished from other 
orders by their four sepals and petals, and six sta- 
mens ; but the genera into which they are divided are 
by no mcan.s so well marked, and are to a great extent 
distinguished by differences in the pods and seeds. 
The general structure of the flower is more or le.ss 
sinnlar throughout the order, but the number and 
po.sitiijn of the honey-glands differs in almost every 
specie.s. Jlesperis vmtronalis is one of those plants 
which arc specially odoriferous in the evenings, and is 
therefore probably in most cases fertilised by moths, 
though it is also visited by day-insects, as, for in- 
.stance, by the hive bee, the white butterflies {Pieris 
brassiccc., P. rapt, and P. napi), Halicttis leucoptts, 
Andretm albicans, Volucella pellncctis, Rhingia res- 
trata, && 
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But though the colour, honey, and scent of the 
Crucifera; have evident reference to the visits of 
insects, this order does not offer so many special and 
specific adaptations as we shall meet with in other 
groups ; and the majority of species, at any rate, 
appear to have retained the power of self- fertilisation. 


RESEDACK.!':. 

Blowers bisexual, small, greenish, suinetimes sceutetb irregular. 
Sepals and petals 4-7, Stamens inany, instirtetl cm a brtnul ilisk^ 
Pistil one, with 2-*“3 vStigmas. 

This order is represented in Britain hy one genus, Resetia |the 
Mignonette), containing three species. In the n»iuinon ganlen mign- 
onette the upper half of the base of the dower r;u-.es itnelf between 
the stamens and the sej>als into a f|uadrangulur, perptiulieular plate, 
which is first yeUowisli, and after the ihnver has failtMl, Brown its 
hinder surface secretes honey- The mignonette is said to be specially 
ftequc4ited l>y bees of the gehus 


CISTlXEJ'h 

This order contains only a single Briti'ih germs, nelianthemum, with 
four species. I1ic dowers <la not secrete honey. I'he * 4 amens are 
numerous. As the pistil projects aliove them, insects, in alighting on 
the iknver, generally touch the pidil l.»cfure the stamens ; and cros,^« fer- 
tilisation must therefore often take place. At the same time, if from any 
cause insect-visits are deferred, the ll^nver is almost sure to fertthJe 
itself. 


VfOLACBlPh 

This order is limited in Kurope to the .single genus 
Viola, of which we have, according to Bciitham, five 
Engli.sh species. Besides the showy, coloured flowers 
with which we are all familiar, mo.st of the species 
possess minute flowers, which, however, produce abun- 
dance of seed. These appear later in the year, 
and are not only much smaller than the others, 
but almost without petals. In fact, according to Ben- 
tham, the Pan.sy ( V. tricolor) is the only one of our 
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English species in which the showy flowers generally 
produce seed. The presence of these two totally 
different kinds of flowers is a very interesting fact ; 
and as the smaller, or as they are called, “ cleisto- 
ganious " flowers are sufficient to reproduce the 
species, and of course have the advantage of 
requiring a much less expenditure of material, the 
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Fic* 57.— Section of a flower of Vida cafurm, 

Fio, 58. — Stamen of ditto. 


persistence of the showy ones can only, I think, be 
accounted for by the fact that the ordinaiy flowers 
are useful in securing an occasional cross, as the 
cleistogamous flowers habitually fertilise themselves. 

Fio/a canina. The structure of the coloured flowers 
is very curious, and has been well described by 
SprengeL The petals are five in number, and irregular 
in form; the median one being produced into a 
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hollow spur (Fig. 57 y), the entrance to which is pro- 
tected partly by the stigma, partly bj' two tufts of 
hairs, or rather of delicate lobular processes, situated 
on the two median peteds. The stairiens consist of 
a short filament, to which the anther is attached, and 
a terminal mcmbranou.s expansion, while the two 
lower stamens also send out each a long sj>ur 
(Fig. 5S /d, which lies within the spur of the median 
petal, and secretes hone}' at its flesln- end. 'Fhe ter- 
minal membranous expansions of the fiv’e stamens 
slightly overlap one another, and their points touch 
the pistil, so that they enclose a hollow sjiace. The 
pollen differs from that of most insect-fertilised 
flowers;, in being drier, anti more easily tietaehed 
from the anthers ; consequently, when the latter 
open, the pollen tlrtips out ; and' as the flower is 
reversed and hangs down, the pollen falls into the 
clo.sed space between the pistil ami the membranous 
terminations of the .stamen.s. The pistil is peculiar, the 
base of the .style not being straight as usual, but thin 
and bent (Fig. 57). The stigma st is the cnlargei! 
end of the pi.stil ; and shows several small fleshy pro- 
jections. It will be obviou.s from the abm’c description 
that when a bee visits the flower, her head will come in 
contact witli and shake the stigma, thus <ipcning, as it 
were, the box containing the pollen, and allowing it 
to fall on the head of the bee. It is thus carried 
away, and some can hardly fail to be deposited on the 
stigma of the nc.xt violet which the bee vi.sits. 

Sprengei, in his description of f '. udoraia, gives the 
following list of que.stians and answers as regards this 
species ; passing over, however, the more general points^ 
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such as the secretion of honey, the colour of the corolla, 
the radiating lines on the petals, and the smell. 

1. Why is the flower situated on a long stalk, 
which is upright, but curved downwards at the free 
end — la oialer that it may hang down ; which, 
firstly, prevents rain from obtaining access to the 
honey ; and, secondly, places the stamens in such a 
position that the pollen falls into the open space 
lietween the pistil and the free ends of the stamens 
If the flower were upright, the pollen would fall into 
the space between the base of the stamen and the 
ba.se of the pistil, and would not come in contact with 
the bee. 

2. Why does the pollen differ from that of most 
other insect-fertilised flowers.!* — In most of such 
flowers the insects themselves remove the pollen from 
the anthers ; and it is therefore important that the 
pollen should not easily be detached and carried away 
by the wind. In the present case, on the contrary, it 
is desirable that it should be looser and drier, so that 
it may easily fall into the space between the stamens 
and the pi.stil. If it remained attached to the anther, 
it would not be touched by the bee, and the flower 
would remain unfertilised. 

3. Why is the base of the style so thin ? — In order 
that the bee may be more easily able to bend the style. 

4. Wliy is the base of the style bent ? — For the 
.same reason. The result of the curvature is that 
the pistil is much more easily bent than would be 
the case if the style were straight. 

5. Finally, why does the membranous termina- 
tion of the upper filament overlap the corresponding 



e> 


rroLjf 


[C!< A I’. 


portions of the two mitkllc stamens ? — Because this 
enables the bee to move the pistil, aiul thereby to 
.set free the pollen niorc casih' than wtniUl be the 
case under the reverse arrangement. 

In T'/Wa tricainr, the ft.*nn of the stioin.a is very 
different from that of I’’. Imt the reason of the 

difference has not been satisfactorily explained. Mr. 
Bennett considers that this species is fertilised by 
Thrip.s. iMr. IJarwin, Innvever, h;is .satisfied himself 
that when bees are exclmicd. it is comparatively 
infertile, and he has favoured me with the following 
memorandum on the subject. 

“ When,” he says, “I formerly covered up a fine, 
large, cultivated variety, it .set on!>' iS capsules, .and 
mo.st of them contained very few good seeds, .several 
from only i to 3 ; whereas an etiualiy fine muawered 
plant, growing close by, produced 105 fine cajjsules. 
The few capsule.s which are protiuceil when insects 
arc excluded are prob.abh- <Uie to the curling up <if 
the petals (as Fermond anti F. Miiller remark) as tivey 
wither, by which process pollen-grains atlhering tt> the 
papilte may be iit.scrtcd into the cavity of the stigma. 
The moth Flu.sia is said to visit the flowers largely. 
Humble-bees are common agents in fertilising these 
flowers ; but 1 have .seen more than once a fly 
{R/ijftg-ia rosfrata) with the tinder .side of its body, 
head, and legs dusted tvith the pollen of this plant, 
and having marked the flowers which tlicy had visiteti, 
fount!, after a few day.s, that they had all been fertilised. 

" It i.s curiou.s in thi.s case, as in many others, htnv 
long the flowers may be watched without seeing one 
vi.sitcd by an insect. During one summer, I repeatedly 
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watched some large clumps of heartsease, many times 
daily, for a fortnight, before I saw a humble-bee at 
work. During another summer I did the same, and 
then one day, as well as on two succeeding days, I 
saw a dark-coloured humble-bee visiting almost every 
flower in several clumps ; and after a few days almost 
all the flowers suddenly withered, and produced fine 
capsules, A certain state of the atmosphere seems to 
be necessary for the secretion of nectar, and as soon 



as this occurs, it is perceived by various insects, I pre- 
sume by the odour emitted by the flowers, and these 
are immediately visited/^ 

POLYGALACE^. 

This order contains, according to Bentham, but one 
British species, which, however, is very common, the 
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Milkwort vu/^ar/s), 59- The structure 

of the flower is curious, and was first explained by 
Hildebrand, whose account, iiowcver, does not scctn 
to me entirely complete or satisfactory. There arc 
five sepals (Figs. 6o. 6i ^ jr), of which three arc .small, 
linear, and grceni.sh ; the other two much larger, 
coloxired like the petals, and obovate or oblong. The 
petals form a tube, to the inside of which the .stamens 
are attached in two bundle.s (Fig. 6i <?), anti which 
contains a number of wliite hairs pointing downwanls. 
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while near the upper entl arc two grtnips t»f fmger- 
likc lobc.s. The pi.stil (log. 6f s^) occupies the a.vis 
of the flower, and ends in a sptHni-shaped stigma. 
Ckwe behind tlie .stigma i.s a projection which termi- 
natc.s in a very viscid tiisk. When the proboscis of an 
in.sect is forced dtnvn the tube in search of Imnev, it 
contes in contact with this viscitl tiisk, and being 
thus rcntlercti atlhesive, when it i.s witlulrawn carries 
some of the pollen with it, and thus conveys it to 
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the next flower. Polygala vitlgaris is sometimes 
blue and sometimes pink; why is this? It is, more- 
over a variable species in other respects, as for in- 
stance in the size and proportions of the different 
leaves. The use of the curious finger-formed pro- 
cesses has not, I think, been satisfactorily explained. 

CARYOPHYLLACEiE. 

This is a large family and contains fourteen British 
genera; Dianthus (the wild Pink), Saponaria, Silene, 
Lychnis (Fig. 5 o)> Sagina., Cherleria, Arenaria, 
Msenchia, Holosteum, Cerastium, Stellaria (Fig. 62), 
Spergularia, Spergula, and Polycarpon. 

In Dianthus, of which we may take D. deltoides, 
the Maiden Pink, as an illustration, the stamens 
are united with the petals at the base, and form a 
yellow, fleshy, swelling which secretes honey. The 
tube of the flower is so narrow, and so nearly closed 
by the stamens and pistil, that the proboscis of 
Lepidoptera alone can reach the honey, though flies 
and., other insects visit it for the pollen. The 
Upper surface of the flower forms a flat disk, pink 
or spotted with white. The stamens are ten in num- 
ber. Soon after the flower opens, five of them emerge 
from the tube, ripen, and the anthers open. When 
they have shed their pollen, the other five do the 
same. During this period the pistil is concealed in 
the tube, but after the anthers have ripened arid 
shed most of their pollen, it also emerges and the 
two long stigmas expand themselves. These two 

F 
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stages have been already referred to (see Figs. 30 and 
3i)u Under these circumstances the butterflies can 
hardly fail to carry the pollen from the anthers of 
young flowers to the stigmas of older ones. Flies 
also visit this species to feed on the pollen, and though 
they cannot obtain any nourishment from flowers in 
the latter condition, still they .sometimes come to 
them, apparently by mistake, and, mu.st therefore 
occasionally fertilise them. This species appears to 
have lost the power of self-fertilisation. 

I have already referred to Ljeknis vespertina 
and L. diiirna in the fir.st chapter. Githagiy, like 

Dianthus, is adapted to butterflies. It agrees with 
the flowers of that genus in the narrowue.ss of the 
tube, in the position of the honey, and in being dis- 
tinctly proterandrous. 

In Silcnc injlata (the Bladder Campion) there are 
according to Axell (Om Anord. fljr de Fan. Viix. Bef. 
p. 46), three kinds of flowers ; some with stamens only, 
some with a pistil only, some with both. 

In Steliaria graminea (Fig. 62) the honey-glands 
are situated at the base of the five outer stamens. 
The flowers pass through three .stages ; firstly, that 
in which the five outer stamens are mature, and 
incline towards the middle of the flower. In the 
second, the five inner stamens are mature. Lastly, 
the stigmas rise and expand themselves, while the 
stamens gradually shorten and shrivel up. Before 
thi.s is accomplished, however, the stigmas have 
curled over and come into contact with the anthers, 
so that if the visit.s of insects are deferred, the flower 
fertilises itself. Steliaria Holostea is more conspicuous, 
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and the three periods are more distinct, but the flower 
still retains the power of self-fertilisation. 

In 6". media (the Chickweed) the flowers are less 
conspicuous, and the five inner stamens are often 
rudimentary or entirely absent ; nay, two of the 
five outer ones are sometimes also rudimentary, 
though their honey-gland is always present. It is 
also proterandrous. 



Cerastium a-rvense agrees with Stellaria Holostea in 
the position of the honey-glands, and in the sequence 
of development of the stamens and pistil. It is 
much frequented by insects. In other forms of this 
genus, as, for instance, in C. semidecandrum (which 
Bentham regards as a variety of C. vulgatum), the 
flowers are less conspicuous, and in consequence the 
visits of insects are fewer, the priority of the stamens 
is less marked, and self-fertilisation is more frequent. 

F 2 
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The inner, honej'lcss stamens, which in S^i'l/aria 
viinor are often wantini^, are ii^ this form always 
rudimentary, according to Muller, while Bentham 
says that the whole number is often present. Both 
observens are so correct, that there is probably a 
difference in this respect between Knglish and German 
specimens. 

Sag-ina nodosa is also proterandrous ; while Mesk- 
rin£-ia trinerz'ia is, on the contrarj,*, proterogyiu>u.s. 

The Caryophyllaceie constitute therefore a very 
interesting and varied order. As a general rule the 
more conspicuous the flower, the more dccitled the 
dichogamy ; conver.sel>% the .smaller the flower.s, and 
therefore the less frequent the visits of insects, the 
greater arc tiie chances of self-fertilisation. The 
order also presents us with an interesting series 
commencing with open-flowere«.l .species, the honey 
of which is accessslble even to beetles, anti .short- 
tongued flies, through tht>se which are adapted to 
certain flies (Rhingia) and Bees; to the .species of 
Diant/iuSf Saponaf ia^ and Lychnis Githapo, the honey 
of which is accessible to Lepidoptcra only. 


lIYPKRiCACIbE. 

There is only one British genus of this order, the 
well-known Hypericum, which, however, contains 
eleven Briti,sh .species. The stamens are united into 
bundles ; the styles are generally three in number, 
alternating with the bundles of stamens. In the 
iargc-flowered Hypericum, however {H, cafyemnm), 
the styles are five in number, and are raised above 
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the stamens. Hypericum perforatum (the Common 
Hypericum) is so named from the remarkable pecu- 
liarity of having the leaves studded by pellucid 
dots ; and several of the species have the sepals 
fringed with black or red glands. The flowers 
belonging to this genus are generally very con- 
spicuous, both from their bright yellow colour and 
from their association in clusters. They secrete no 
honey, but are frequently visited by insects, partly 
for the sake of the pollen, partly perhaps in a vain 
search for honey. Under these circumstances, cross- 
fertilisation must frequently occur, though no doubt 
the flowers often fertilise themselves. 


I.TNArEJE. 


This order contains two British genera, Linum, and 
Radiola ; the former is the well-known flax, the latter 
a minute erect annual, which grows on heaths and 
sandy places. The genus Linum contains five British 
species, which differ considerably in the size of their 
flowers, frqm the beautiful, blue, common flax, to the 
minute L. cathariicum, the petals of which are but 
little longer than the calyx, and which yet secretes 
honey, from five minute glands situated on the outer 
side, and near the base of the five stamens. It is 
therefore, in spite of its minute size, frequently visited 
by insects, though in their absence it is capable of 
self-impregnation. So far as has been hitherto 
observed L. usitatissimum, though differing so much 
from L. catharticzim in the size of the flowers, agrees 
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in general arrangement, and is also capable of self- 
fertilisation. 

The crimson L. grandiflortim, on the contrary, 
as Mr. Darwin has shown {your. Linn. Soc., Feb. 
1863) presents two forms, which occur in about 
equal numbers, and differ little in structure, though 
greatly in function. In the one form, the column 
formed by the united styles and the short stigmas, 
is about half the length of the whole pistil in 
the other or “long-styled” form. The stigmas also 
of the short-styled form diverge greatly from each 
other, and pass out between the filaments of the 
stamens, thus lying within, the tube of the corolla, 
while in the long-styled form the elongated stig- 
mas stand nearly upright, and alternate with the 
anthers. 

By a series of careful and elaborate experiments 
Mr. Darwin has shown that this species is almost 
entirely sterile with pollen of its own form. He 
repeatedly placed pollen of long-styled flowers on 
the stigmas of the same kind, and pollen of short- 
styled flowers on stigmas of short-styled flowers, but 
without effect ; while if pollen of a long-styled flower 
is placed on a short-styled stigma, or vice versd, 
abundance of seed is produced. In short, the poller 
of the L.grandiflorum is differentiated, with respect 
to the stigmas of all the flowers of the same form, to 
a degree corresponding with that of distinct species 
of the same genus, or even of species of distinct 
genera. 

Linum ^erenne is also dimorphous, and the differ- 
ence between the two forms is more conspicuous. 
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MALVACE^. 

Of this order we have three British representatives, 
Lavatera, Althaea and Malva, with respectively one, 
two, and three specific forms. In the introductory 
chapter, I have already called attention to the 
structure of the Mallow, with especial reference to the 
differences existing between Malva sylvestris (Figs. 43 
and 45) and M. rotundifoUa (Figs. 44 and 46), The 
honey glands are five in number, at the base of the 
flower. Althaea and Lavatera are said to agree in 
general structure with Malva. 

TILIACE.^!;. 

Of this order we have in England only one species, 
the Common Lime {Tilia Europ<zci). The flowers 
are very sweet, and great favourites with bees. 
Their abundance and the size of the tree render 
colour unnecessary. The honey is secreted by the 
sepals, and is accessible even to short-lipped' insects ; 
while, as the flowers hang down, it is completely 
protected from rain. The stamens are numerous, 
but, as Hildebrand has pointed out, they have shed 
their pollen before the stigma is mature, and the 
flower is therefore incapable of self-fertilisation. The 
visits of insects are very numerous, and yet in this 
country the Lime seldom produces ripe seed. {Lindley 
Arb. et Frut. Brit,'). 
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GERANIACEiE. 

This order contains four British genera ; Geranium, 
Erodium, Oxalis, and Impatiens. 

The genus Geranium possesses a peculiar interest 
in the history of the present subject, because, as 
Sprengel tells us, the hairs in the corolla of G. 
sylvaticum (See p. i), attracted his attention, and led 
to the researches which are so well described in his 
interesting work. 

The flowers of the species of Geranium differ con- 
siderably in size : the larger flowered species, such as 
G, sangtdneunif G.phiBum^ G.J>raUnse {Figs. 40 and 42), 
and G. sylvaticum^ being perennial, the smaller ones 
annual, or biennial. Geranium palustre^ with which G. 
1 ?ratense, G. sylvaticum^ and G. sangHhietim^ closely 
agree, is taken by Sprengel as a type of the large 
flowered species. The honey glands are five in number, 
situated near the base and at the outer side of the 
outer stamens ; and are effectually protected by 
fringes of hairs arranged just above them, so as to 
prevent any rain from obtaining access to them. 

The stamens are ten in number, of which one half 
are longer than the remainder : the pistil terminates 
in five lobes, the upper surfaces of which constitute 
the stigmas. The flower opens widely by day, hangs 
down, on the contrary, and partially closes at night. 
The petals are ornamented by purple lines, which 
serve as honey-guides, pointing to the honey glands. 
When the flower first opens (Fig. 41) the stigma is 
immature, and the five lobes are closely pressed 
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together (b), so that the stigmatic surfaces are not ex- 
posed. Nor do they separate (Fig\ 42)^ or become 
susceptible of fertilisation, until after the anthers have 
all shed their pollen. The flower, in fact, passes 
through three distinct stages : first, the five outer 
stamens open, and shed their pollen ; then the five 
inner ones ; and lastly, after the pollen is all shed, 
the stigmatic surfaces expand and attain maturity. 
The flower therefore cannot fertilise itself. 

On the other hand, in the smaller species of 
Geranium the stigmas come to maturity before the 
stamens have shed all their pollen ; hence the visits 
of insects are not so necessary, and hence, probably, 
the smaller size of their flowers. (See antk p. 43.) 

There is also another difference, to which I will call 
attention. G, Robertia 7 ium does not possess the 
fringes of hairs by which the honey is in G. sylvaticinii 
protected against the access of rain ; on the contrary, 
the petals are entirely glabrous. This difference is 
apparently connected with the form of the flower, 
which is less open than is the case with G, sylvaticum 
On the contrary, it forms a distinct tube, the entrance 
to which is sufficiently protected against rain by the 
stamens and pistil. 

The smaller flowered species moreover offer remark- 
able differences among themselves. Thus G. 7 nolle 
and G. ptisillum are at first sight very similar, and, as 
Bentham observes, are no doubt sometimes confused ; 
yet they differ remarkably. When G. moUe first 
opens, the pistil is immature, and the stigmatic 
surfaces are closely appressed. The outer anthers 
then begin to open one after the other, so that the 
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flower is for some time merely male. Before, however, 
the first five anthers have completely shed their 
pollen, the stigmatic surfaces arrive at maturity and 
expand ; so that, during the second period, the flower 
is both male and female. 

In G. pusillum, on the contrary, when the flower 
first opens, the stigmatic surfaces are mature and 
expanded, but the anthers, are not yet ripe; the 
flower consequently is merely female, and can only 
be fertilised by pollen from an older flower. Soon, 



Fig. 63. — Young flower of Tropaiohnn ^nayor-. Neither the anthers nor the stigma 

are yet mature. 


however, the anthers of the five outer stamens ripen, 
and open, so that the flower is both male and 
female. Another remarkable difference is, that in 
G. pusillum, as in the allied genus Erodium, the five 
inner stamens produce no pollen. 

In the genus Erodium, as in G. pusillum, the five 
inner stamens are rudimentary, and produce no pollen. 
The stamens ripen, however, before the stigma, though 
if the visits of insects be deferred, the flower is 
capable of self-fertilisation. 
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To this family also belongs Tropaeolum, the com- 
mon Nasturtium of our gardens. Here the honey is 
contained in a long spur. The flower passes through 
three well marked stages (Figs. 63—65). When it 
first opens, as shown in Fig. 63, the anthers {a) are 
unripe, the pistil (^) is short and immature. Soon, 
however, one of the anthers ripens, opens, and 
turns up, as shown in Fig. 64^, a, so as to stand 
directly in front of the opening to the tube ; a 
humble bee, therefore, or other insect of similar size. 



Fig* 64. — Flower of Trop^soiu^t ‘majo^ in the second stage. Some of the anthers 
are now mature, and stand upright in front of the entrance to the spur. 

visiting the flower for the sake of its honey, could 
not fail to rub some of the pollen off on to her breast. 
Shortly afterwards a second stamen ripens, and 
assumes the same position, with the same result, and 
the rest gradually follow. In flowers which I have 
watched, this process occupies from three to seven 
days, by which time the stamens have all come to 
maturity, after which the anthers drop off, and the 
filaments turn down as shown in Fig. 65, so as to be 
well out of the way. It is now the turn of the pistil. 
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which in the meantime has elongated, and assumes the 
position which the stamens had successively occupied ; 
the result of which is, that a bee which had pre- 
viously visited a younger flower and dusted her 
breast with pollen could not fail to deposit some of 
the pollen on the stigma. It will be observed that 
the lines on the flower as usual point to the honey. 
The three lower petals bear a number of lanceolate 
processes, which, as Sprengel has pointed out, serve 



Fig. 65. — Flower of Tra^csolum fnajor" in the third sta^e- The anthers have all shed 
their pollen, and the pistil now occupies the posidon in front of the entrance to 
the spur. 

to prevent rain from obtaining access to the tube, 
and also perhaps in guiding the insects, so as to 
bring their breasts truly against the anther or stigma. 
The calyx, which from the position of the flower is 
almost as much exposed as the corolla, is of the 
same colour as the petals. 

Oxalis acetosella is one of the species which produces 
“ cleistogamous ” flowers (see a 7 ttk -p. 32). This was 
first, I believe, observed by Michelet {Bull. Soc. Bot. 
de France, i860, p. 465). 
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Hildebrand has shown that of the foreign species 
of Oxalis some are dimorphous, some trimorphous. 
This is, however, not the case with either of our Eng- 
lish species, and I will therefore postpone any remarks 
on this curious arrangement until we come to some of 
the English species in which it occurs. 

Impatiens noli me tang^ere also produces cleistoga- 
mous flowers. (JMohL Bol, 1863. Bennett, JLinn, 

yotirs,, voL xiii.) The seed capsules, when ripe, burst 
open if touched. 
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CALYCIFLOR^. 

This subclass contains those Dicotyledons In which 
the perianth is double, the petals separate,, and the 
stamens either perigynous or epigynous. 

CELASTRACE.^. 

This order contains one British species, the Common 
Spindle Tree, Euoftymus Europceus, The flowers 
secrete honey, and are frequented by Diptera (Flies) 
and Hymenoptera, especially the former. They are 
proterandrous. 


RHAM^STACE^. 


The Vine and the Virginian Creeper belong to this 
order ; but we have only one British genus, Rhamnus, 
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(the Buckthorn) with two species, Rhamnus eatkar- 
ticus (the common Buckthorn and Rhamnus fran^uld), 
the Alder Buckthorn. The two species differ con- 
siderably. In Rhamnus frangula, the sepals, petals 
and stamens are £i ve in number ; the petals are 
very small. The stamens open before the stigma 
is fully developed, and probably even before it is 
capable of fertilisation. The pistil is in the centre, 
and insects which visit the flower for the sake of 
the honey necessarily touch the stamens with one 
side of the proboscis and the pistil with the other. 
They must, therefore, often convey the pollen from 
one flower to another. In the absence of insects, 
however, R. frangula is capable of self-fertilisation. 

In R. catharticus, on the contrary, the flowers have 
four petals, and are dioecious ; the male flowers have a 
rudimentary pistil, and the female flowers bear minute 
stamens. The individual flowers are very small, they 
are rendered conspicuous by being associated in 
clusters, while those of R. frangula are in twos or 
threes. 

R. lanceolatus, which, however, is not an English 
species, has been shown by Mr. Darwin to be dioecious 
{four. Li?in. Soc., v. vi., 1862, p. 95.) 


LEGUMINOS^. 

This is a very extensive order, containing eighteen 
British genera ; the Peas, Vetches, Brooms, Clovers, 
Furze, &c. belong to it. 

It is probable that all flowers which have an 
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irregular corolla are fertilised by insects. The advan- 
tage of the irregularity is that it compels the insects 
to visit the nectary in one particular manner. In the 
present group the result is that insects necessarily 
alight on a particular part of the flower, when their 
weight in many cases causes certain mechanical 
effects by which the pollen is transferred to the body 
of the insect, and thus carried from one flower to 



another. The corolla in the Leguminosae consists of 
five petals; an upper one, usually called the “Stan- 
dard,” two lateral ones, or “ Wings ; ” and two lower 
ones, united at their edges into a boat-shaped organ, 
or “ keel.” 

The bases of the stamens coalesce into a hollow 
tube (Fig. 70 and 71 t) the inner walls of which, at 
their basej secrete honey in some species, though not 
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in all. In the former, one or more of the stamens is 
detached, as in the Lotus (Fig-. 70 b\ or atrophied, so as 


Fig. 67. Fig, 68. 



Fig. 71. 


Fig. 67. — Flower of Lotus comicuZatus seen from the side and in front. 

Fig. C'8. — Ditto, after removal of the standard. 

Fig. 69. — Ditto, after removal of the standard and wings. 

Fig. 70.— Ditto, after removal of one side of the keel. 

Fig. 71, —Terminal portion of Fig. 70 more magnified. 

Sy entrance to the honey ; d, the free stamen ; c, the place where the 
•wings lock with the keel; /*', expanded ends of stamens ; filaments of 
stamens ; tip of keel ; po’Ien ; st, stigma, 

to leave a space through -which bees can introduce 
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their proboscis into the tube. In those species which 
do not secrete honey this is unnecessary, and the 
stamens are all fully developed and united. 

In the Common Birdsfoot Trefoil {Loizis corzzzctila- 
tus) the anthers burst and emit their pollen before 
the flower opens, and indeed before the petals have 
attained their full size. At this time the ten stamens 
form two groups, five of them being longer than the 
others ; but by the time the flower opens they are 
all of the same length, though the five outer ones are 
somewhat swollen at the end ; a difference which sub- 
sequently becomes still more marked. The pointed 
end of the keel is now filled by a mass of pollen 
(Fig. 70 and 71 j>o), while the anthers, having dis- 
charged their contents, commence to shrivel up. The 
free ends of the five outer stamens continue, however, 
to increase in size ; so that, with the pollen mass, they 
completely fill up the cavity of the keel. When the 
flower opens the pistil, stamens, and pollen occupy 
the position shown in Figs. 70 and 71. 

The five inner stamens, having discharged their 
pollen have become useless, shrivelled up,- and lie in 
the broader part of the keel ; the five outer ones, on 
the contrary (Fig. 70 e), which still have an important 
function to perform, lie behind the pollen mass, and 
keep it in its place. 

Insects do not generally alight directly on the keel, 
but rather on the wings, which are more conveniently 
situated ; the two, however, are relatively so arranged, 
that when a bee alights on the wings, she presses 
down the keel, which is locked with the two wings by 
a projection and corresponding depression, as shown 
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in Figs. 68 and 69 c ; thus a portion of the pollen and 
also the tip of the pistil are forced out at the point 
of the keel, and against the breast of the bee, until 
on the removal of the pressure the elasticity of the 
flower causes the vaidous organs to resume their 
former position ; an obvious advantage, which pre- 
vents the pollen from being wasted. The union of the 
stamens at their base has pi'obably reference to this, as 
Sprengel has suggested. From the manner in which 


Fig. 7». — Flower of Sweet Pea, in its 
natural position. 



Fig. 73. — Ditto, The wings are de- 
pressed, the stamens and pistil exposed. 



these flowers are evidently arranged with a view to 
the visits of insects, we can hardly doubt but that 
these visits ai*e of importance to the plant. 

In the Sweet Pea (Figs. 72 and 73), on account of 
its larger size the action is still more easily visible. 
Fig. 7 ^ represents a flower in the natural position. 
Now if the two ends of the wings be'taken between 
the finger and thumb, and pressed down, so as to 
imitate the effect produced by the pressure of an 
insect, the keel is depressed with the wings, while 

G 2 
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the pistil and stamens are thus partly uncovered, as 
shown in Fig. 73. When the pressure is removed, 
the flower resumes its former position. 

Trifolium refens (the White Clover) agrees with 
Lotus in its general structure, but is somewhat 
simpler. The wings are actually united to the keel at 
one point. In T. pratense the flowers are longer, ahd 
the honey is only accessible to those bees which have 
a very long proboscis. As in other such cases, however, 
Bombt'is terrestris obtains access to it by eating a hole 
through the side of the flower. According to Darwin 
this species is only fertilised by humble bee^ but 
Delpino disputes this. Trifolhim siibtcrraficimi has 
small cleistogamous flowers {MohL Bot. Zcit., 1863) 
besides the usual ones. 

Anthyllis vtdneraria also agrees with Lotus in its 
general arrangement. The tube of the flower is, how- 
ever, elongated ; and in .consequence, this species is 
only visited by bees with long tongues. In the young 
flower, though the pistil is in the keel, and neces- 
sarily in contact with the pollen, H. Muller has 
observed that the stigma is dry, and that no pollen 
adheres to it. Subsequently, however, when most, or 
all, of the pollen has been removed, the stigma 
becomes sticky, and pollen adheres closely to it. 

In Ononis (the Restharrow) the general arrange- 
ment is very similar. There are, however, several 
important differences. Ononis does not secrete honey, 
and consequently there is no need for the separation 
of the upper stamen, which in this genus is attached 
to the rest. Again, in Ononis all the stamens are 
thickened at the end ; the outer ones, however, much 
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more so than the inner ones. The inner ones, on the 
contrary, produce much more pollen than the others ; 
a difference of function which is even more marked 
in the Lupins. 

Ononis is exclusively fertilised by bees, and H. 
Miiller has repeatedly seen male bees visiting this 
species in a vain search for honey. 

Onobrycliis sativa (the Common Sainfoin) agrees 
with Trifolium repens in its general structure ; but the 
wings are greatly reduced in size and appear to serve 
only in preventing the honey being reached from 
the side, or at least in rendering this more difficult. 
This species is sufficiently conspicuous, and as the 
honey is accessible even to insects with a short pro- 
boscis, it is much visited. When mature, the stigma 
projects I to ni. be3^ond the keel, and according 
to H. Muller the flower has lost the power of self- 
fertilisation. 

In Genista tifzctoria the ten anthers lie in two dis- 
tinct rows. While the flower is still in the bud, the 
four upper anthers of the outer row are already on the 
point of opening, while those of the inner circle have 
not nearly reached their full size. These four anthers 
now open and shed their pollen into the space at the 
apex of the keel, after which they shrivel up. The 
fifth, although it has attained its full size, remains 
closed. The next process is that this anther and 
those of the second row also open, and the pollen 
occupies the end of the keel between the anthers and 
the stigma, as in Lotus. While, however, in Lotus 
when the insect leaves the flower and the pres- 
sure is thus removed, the keel resumes its position, 
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and the stamens and pistil are again protected ; in 
Genista tmctoria^ on the contrary, the flower opens 
once for all. The keel is at first nearly parallel to 
the standard (Fig. 74). This position is, however, 
one of tension ; the keel is retained in it by the union 
of its upper margins, which inclose and retain the 
curved pistil xvhich presses against them like a spring. 
The sides of the keel have near the base a projecting 
lobe (Fig, 76 m)^ which locks with one at the corre- 
sponding part of the wing. When an insect, alighting 
on the flower presses open the keel in search of pollen, 
as soon as the curved end of the pistil is set free, it 









Fig. 74. — Flower of Genisia tinciorja unopened. 

5 'igs. 75, 76. — Ditto, opened, sid, standard; wing ; k, keel ; m, projection on keel. 


springs up with a jerk;, the keel, on the contrarj'-, 
springs back (Figs. 75 and 76), and the pollen is ejected 
in a shower. It appears that the flowers do not open 
of themselves if insects are prevented from visit- 
ing them (Henslow, your. Limi. Soc., v. x. p. 468). 

Genista tinctoria contains no honey, and yet it is 
visited by several insects which do not consume pollen. 

The flowers of the Common Furze {Ulcx EuropoBus') 
agree in essentials with those of the preceding species- 
The calyx, howeve.r, is larger, and coloured; the 
wings are longei in proportion and project beyond the 
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keel They also lock at the base with, the keel, and 
when they are pressed downwards the flower bursts 
open. 

In the Laburnum, the tip of the pistil is protected 
from its own pollen by a ring of close hairs ; when, 
however, the pistil has grown to the very point of 
the keel, these hairs shrivel and turn outwards, so as 
to expose the tip of the pistil, which thus comes in 
direct contact with the breast of any bee which may 
alight on the flower. 

In the Broom {Sarothmnnus scoparitis) the flowers 
also explode. If, however^ the bee alights on a newly- 
opened blossom, the shorter stamens only emerge 
and dust the abdomen of the insect. If, on the con- 
trary, the flower is a day or two older, the pistil and 
longer stamens spring out, and the hairs on the pistil 
deposit pollen on the bee's back. The pistil gradually 
curls, and the stigmatic surface turns up, so as to 
stand close to the anthers of the shorter stamens. 
In this position it is so placed that it would come in 
contact with the abdomen of the bee. Thus,” says 
Mr, Darwin, . both the upper and lower surface of 
the bee get dusted with pollen, which will be trans- 
ferred to the stigma at two different periods.” (Einn. 
your. V. ix. p. 358.) 

In Medicago sativa, as in Genista and the Broom, 
the flowers open once for all ; but the elastic power 
is confined to the upper stamens. In the Broom and 
in Genista, the resistance is obtained by the union of 
the upper edges of the keel. These are also united 
in Medicago, but even if they are separated no ex- 
plosion takes place ; the flower being still locked 
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together by four processes, two of which point forwards 
and two backwards. These fit so beautifully that 
the proboscis of a humble bee is sufficient to unlock 
them, and release the stamens ; though, according to 
Henslow, iLinn. yottr. 1866, p. 328) the hive bee is 
unable to do so. Hildebrand, however, has observed 
that in the absence of insects, it fertilises itself. In 
M. lupulina the elasticity is much less than in AI. 
sativa. Medicago is a honey-bearing genus. 

In the Leguminosae hitherto mentioned, when the 
keel is forced open, both stamens and pistil emerge 
from it. In Lathyrus (the Pea), however, this is not 
the case. In L. pratensis, for instance, the stamens 
do not leave the keel, but the pistil is provided with 
a brush of hairs, which sweep the pollen before them. 

In the Scarlet Runner {Phaseolus commtinis) which 
has been described by Farrer {Ann. and Mag. of Nat. 
His. 1868, p. 255), the keel is spiral, as well as the 
stamens and pistil. The former are weak, and never 
protrude ; while the pistil, on the contrary, is stout, 
strong, and very elastic. In the natural position, the 
stigma just protrudes out of the mouth of the keel, 
while the terminal portion of the style within the 
tube is covered with fine hairs. When, therefore, the 
bee alights on a flower, and inserts her proboscis into 
it, the stigma will come in contact with the base of 
the proboscis, and will sweep off any pollen which 
may be adhering to it. As, however, the bee presses 
more on the flower, in its efforts to get the honey, 
the pistil comes further out of the flower; the stigma 
turns upwards, away from the insect, and the brush 
of hairs, which has swept the sticky honey out of the 
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anthers, and is consequently covered with it, rubs 
against the head of the bee and the base of the 
proboscis, on which it deposits a certain quantity of 
the pollen, to be again transferred to the stigma of 
the next flower which the bee visits. 

The Common Pea {Pisum sativuni) is said not to 
be well adapted to our British bees. Its structure, 
probably, has reference to some of the larger southern 
species. 

In Vicia cracca each wing is united to the keel 
in two places. Though the parts of the flower fit 
closely to one another, still from the smallness of its 
size the honey is accessible to most bees ; and, owing 
to the conspicuousness of its bunches, it is much 
visited by them. From their arrangement and elas- 
ticity, the various parts of the flower resume their 
original position after each visit. 

'Vida sepiuni, in general characters, agrees with V. 
cracca, though the arrangement of the hairs on the 
pistil is very different. The insects by which it is 
visited are, however, much fewer. Its larger size, 
coupled with other minor differences, excludes flies, 
Lepidoptera, and the smaller bees. Even Bombus ter- 
restris (the Common Humble Bee) does not attempt 
to suck it, but bites a hole through the side. In 
V. faba the wings and keel are less closely united, 
and the honey is more easily accessible. The flower 
also is less elastic, and if opened widely does not 
again resume its original form. 

It appears then that the Leguminosae are all 
adapted to fertilisation by bees, and, as Delpino 
has pointed out, the flowers fall into four series. 
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1. Those in which the pressure of the bee pumps 
out, as it were, a certain quantity of pollen ; the 
flower resuming- its original form when the pressure 
is removed, (Lotus, Anthyllis, Ononis, and Lupinus.) 

2. Those in which not only the pollen, but also 
some of the stamens are pressed out ; the flower re- 
suming its form on the removal of the pressure, as 
in the first division. (Melilotus, Trifolium, Onobry- 
chis.) 

3. Those in which the flower bursts on pressure 
and ejects the pollen. (Medicago, Genista, Saro- 
thamnus.) 

4. Those in which, on the pressure of the bee, the 
pollen is swept out by a brush of hairs situated on 
the pistil. (Lathyrus, Vicia, Pisum, Phaseolus.) 

The power of self-fertilisation seems to be lost in 
some species of Phaseolus, Onobrychis, and Saro- 
thamnus ; and to be much diminished in others, as in 
Trifolitiin repens and Vicia faba. 

ROSACEiE. 

This order contains seventeen British genera, includ- 
ing Prunus (the Cherry, &c,), Spirsea, Geum, Rubus 
(Blackberry, &c.), Fragaria (Strawberry), Potentilla, 
Alchemilla, Sanguisorba, Poterium, Agrimonia, Rosa, 
Pyrus, Cratsegus, &c. 

Prunus. Our three species of this genus differ 
somewhat in the relations of the anthers to the 
stigma. In A. cerasus (the Cherry) both mature at 
the same time, while in P. spinosa (the Black Thorn) 
and P. padus (the Bird Cherry) the stigma reaches 
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maturity before the anthers ; though as it retains the 
capability of fertilisatioii after the anthers have opened, 
the flowers are doubtless often self-fertilised ; which 
from the position of the anthers probably happens 
more fi'equcntly in the Bird Cherry than in the Black- 
thorn. The flowers are melliferous. The British 
species of Spirma, on the contrary, contain no honey, 
but are rich in pollen and are consequently visited by 
insects ; which from the weakness of the petals, gener- 
ally alight on the stigma, and thus effect cross-ferti- 
lisation ; though the flowers, if not visited by insects, 
fertilise themselves. Among the foreign species of 
this genus, several are melliferous. 

Both our English species of Geum {G. rivals and 
G. iirbamun) are melliferous ; but the flowers of G. 
rivals are much larger than those of G. urbanuni, and 
more frequently visited by insects. 

The genus Rubus is very variable, and there are 
great differences of opinion among botanists as to the 
specific limits, and the number of species. Bentham 
admits five, though even these, he adds, “will very 
frequently be found to pass imperceptibly one into 
the other.” The Raspberry {Rabzis idasus) is so called 
because it is said to be very frequent on Mount Ida, 
where in 1873 Mr. Grant Duff and I found in abun- 
dance a species, which if not identical with, was very 
near, our R. idcezis. This species though it secretes 
honey, is not apparently a great favourite with insects, 
and frequently fertilises itself. The flowers of the 
Blackberry {R. frztticoszzs), on the contrary, are much 
more conspicuous, and the stamens are turned more 
outwards, so as to leave more room between them- 
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selves and the pistil. They are very much frequented 
by insects, and as the stamens ripen gradually, and 
from the outside inwards, there is a considerable in- 
terval during which, though the pistil is mature, and 
some of the anthers are ripe, self-fertilisation is diffi- 
cult ; while from the great frequency of insect visits, 
fertilisation is generally effected before the inner 
anthers are mature. 

In the Strawberry (Fragaria vescd) also, the stigma 
arrives at maturity some time before the anthers, so 
that cross-fertilisation generally takes place. The 
species of Potentilla agree with Fragaria in habit, 
foliage, and flowers, but the fruit is not succulent. 
The honey, however, is not secreted in drops, but 
forms a thin layer. Agrimonia Eupaioria appears to 
secrete no honey, and is but seldom visited by insects. 
Alchemilla vulgaris is remarkable for variability. The 
honey is scanty, so that it is little visited by long- 
lipped insects ; while, from its greenish colour it is not 
attractive to beetles, or other colour-loving species. 
Self-fertilisation is, however, comparatively rare, since 
the flowers seldom possess both anthers and stigmas ; 
one or the other being generally more or less rudi- 
mentary. This plant, therefore, may be considered 
to be becoming dioecious. 

The next two genera of Rosaceae, Sanguisorba and 
Poterium, each of which contains a single British 
species, have been already alluded to in the opening 
chapter (ani^ p. lo). Sanguisorba. (Fig. lo) officinalis 
is monoecious and fertilised by insects. In Poterium. 
sanguisorba (Fig. 9) some flowers are male, some 
female, and some hermaphrodite, and the pollen is 
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said to be wind-borne. In other respects these two 
plants are curiously similar. 

There is almost as much difference of opinion with 
reference to the specific limits in the genus Rosa as 
is the case in Rubus. Bentham admits five British 
species, while others, as, for instance, Babington, ex- 
tend the number to fifteen or twenty. The flowers do 
not appear to secrete honey, but are much visited by 
insects for the sake of the pollen. The numerous 
stamens ripen at the same time as the pistil, but 
from the convenient position of the latter, insects 
very fi-equently alight upon it, and thus fertilise it 
with pollen from other flowers, though self-fertilisa- 
tion probably often occurs. 

Pjrrus malus (the Apple), on the contrary, and d'm- 
tesg^ts oxjacant/ja (the Hawthorn) are melliferous, and 
the stigma comes to maturity before the anthers. 

ONAGRACE./E. 

This order contains six English genera, Epilobium 
CEnothera, Ludwigia, Circaea, Myriophyllum, and 
HIppuris. 

The instructive differences which exist between the 
different species of Epilobium have already been 
referred to in the introductory chapter. CEnothera 
biennis is really a North American plant, though 
now naturalized in some parts of England, As its 
name denotes (Evening Primrose) it is a yellow night 
flower ; it secretes honey, and is probably fertilised by 
moths, though it remains open by day, and is also 
visited by bees. Ludwigia contains a single species, 
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L.palustris — a minute marsh plant, hitherto found in 
very few localities in Britain, though it ranges over 
Central Europe, Asia, and North America. The 
genus Circaea contains two species, C. alpina and C. 
lutetiana, the Enchanter’s Nightshade. This species 
has two stamens, and as the flower is small, any 
insect of moderate size would probably touch both 
them and the pistil ; most likely, however, coming in 
contact with the stigma first, as it projects rather 
beyond the anthers. 

LYTHRARIE^. 

This order contains two British genera, Lythrum 
and Peplis, the former of which is of peculiar interest 
and has been already alluded to in the opening 
chapter (ante p. 36). 

Lpthrii 7 n salicaria (Fig. 77), presents .us with 
three distinct forms of flower, which were already 
recorded by Vaucher, while their functions and 
relations were first explained by Mr. Darwin. He 
distinguished them according to the length of their 
styles, as the Long-styled (Fig. 78), Mid-styled 
(Fig. 79), and Short -styled (Fig. 80). In this 
species it is remarkable that the seeds of the three 
forms, differ from one another ; 100 of the long- 
styled .seeds being equal to 121 mid-styled, or 142 
short-styled. The pollen grains, also, not only differ 
in size, the long stamens' having the largest pollen 
grains, the middle-sized stamens middle-sized pollen 
grains, and the short stamens small pollen grains ; but 
also in colour, being green in the longer stamens, and 
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yellow in the shorter ones ; while the filaments are 
pink in the long stamens, uncoloured in the shorter 
ones. 

Mr. Darwin has also proved by experiment that 
this species, does not set its seeds, if the visits of 
insects are prevented ; in a state of nature, however, 
the plant is much frequented by bees, humble bees. 



Fig. 77. — Lytkr^on saZicarna, 


and flies ; which always alight on the upper side of 
the flowers on the stamens and pistil. Mr. Darwin 
has shown that perfect fertility can only be obtained 
by fertilising each form with pollen from pistils of 
the corresponding length. 

Thus the long-styled form is naturally fertilised by 
pollen from the long stamens of the tvro other forms 
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but it can be so, though imperfectly, by its own 
two sets of stamens, and by the shorter stamens of 
the two other forms ; it can, therefore, be fertilised, to 
use Mr. Darwin’s expression, ^‘legitimately” in two 
ways, and “illegitimately” in four ways. The same 
is the case with the other two forms, so that eighteen 
modes of union are possible, of which six are natural 
or “legitimate,” twelve are illegitimate, and more 
or less sterile. This case is therefore indeed most 
complex. 

Mr. Darwin suggests {your. Linn, Soc, v. viii. 
1864, p. 193) that the trimorphotis condition of this 
plant may be advantageous, because if it were dimor- 
phous only there would be but an equal chance in 
favour of any two plants being of different forms, and 
therefore capable of self-fertilisation ; whereas, being 
trimorphous, the chances are two to one. In the 
cowslip and primrose, where large numbers of plants 
grow together, this, he thinks, would not be so 
material. 

The genus Lythrum is also remarkable for the 
great differences existing between different species. 
For instance, L. ^rcefferiy like L, salicaria^ is tri- 
morphous ; while L. thymifolia is dimorphous, and 
X. hyssophifolia is homomorphous. 


CUCURBITACEi®. 

Of this order we have only a single species, the common Bryony 
(Bryonia dioua). The flowers are dioecious, the males in small clusters^ 
pale yellow, about half an inch in diameter ; the females much smaller. 
Both secrete honey. 


II 
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CRASSULACE,®. 

Of this order there are four British genera ; Tillaea, 
Cotyledon, Sedum, and Sempervivum. The first two 
contain a single species each. Of Sedum we have 
nine species. Though the flowers are small, yet from 
the localities they occupy, and from their bright 
colours they are somewhat conspicuous, and are visited 
by many insects for the sake of their honey, which is 
accessible even to those with short tongues. Some 
(S', acre, rejlexiim, and telep/iium') are proterandrous 
while S. atratum, according to Ricca, is proterogy- 
iious and S. rhodiala is dioecious. 


RIBESIACE^, 

This order consists, as far as Britain is concerned, of the g:eniis Ribes, 
containing four species, the Gooseberry (/v?. gt^osstdariata). Red Currant 
{R. ruhrt0n)^ Black Currant {R* nigrzcm), and Mountain Currant (R, 
alphittm). They all supply honey. R. grossulariata is proterandrous, 
and is said to have lost the power of self-fertilisation. In R. rubrun^ 
and R. nigrum the stamens and pistil come to maturity simultaneously. 
R^ ulpinum^ on the contraiy, is dioecious ; and it is interesting that, 
according to Muller, this species is more fx*equented by insects than any 
of the others. 


SAXIFRAGRACE./®. 

An extensive order, ranging nearly over the whole 
world, but represented in Britain, by only four genera, 
Saxifraga, Parnassia, I>rosera, and Chrysosplenium. 

The species of the genus Saxifraga are melliferous, 
and proterandrous. Bergenia (Saxifraga) crassi- 
folia, which, however. Is not British, though frequently 
grown in gardens, is according to Eneler. orotero- 
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gynous^ In Chrysosplenium the anthers and stigma 
ripen simultaneously. Parnassia pahistris^ as its name 
indicates, inhabits wet and boggy places. It has ten 
stamens, of which however five only bear anthers, 
while the others secrete honey at the base, and ter- 
minate in globular glands. The five polliniferous 
anthers ripen, not simultaneously, but successively, 
and each ripens ft places itself right on the 



top of the stigma, with its back to it, and the pollen 
is then discharged from the anther on the side away 
from the stigma, so that it is scarcely possible for any 
to fall on it; and this is done by each of the five 
stamens in succession/’ (Bennett, How flowers are 
fertilised.’’ 1873, P. 19). The flowers are much visited 
by insects, especially by flies. 

In the cases we have hitherto considered, the 
relation between the flowers and insects is one of 

H 3 
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mutual advantage. The honey of the flowers affords 
to the insects a rich and nutritious food ; and if the 
latter rob the flowers of some of their pollen, they 
make ample amends by carrying a portion of the 
remainder from one flower to another, and thus con- 
ferring on the plant the great advantage of cross- 
fertilisation. In Drosera (Fig^ 8i), on the contrary, 
we find a very different state of things, for the plant 



Fig. Stz . — ^Two leaves of Dionaea ; one open, one closed upon a By. 


catches and devours insects. This g-enus, and the 
other plants which have this remarkable habit, have 
recently been the subject of an admirable memoir, 
by Dr. Hooker, read before the British Associa- 
tion (Nature, Sep. 3, 1874). The first observation 
on insect-eating flowers was made, about the year 
1768, by our countryman Ellis, on Dionaea, a North 
American plant, the leaves of which have a joint 
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in the middle, and thus close over (Fig. 82), kill, 
and actually digest any insect which may alight on 
them. The plant has recently been studied by 
an American botanist, Mr. Canby, and, says Dr. 
Hooker, “by feeding the leaves with small pieces of 
beef, he found, that these were completely dissolved 
and absorbed ; the leaf opening again with a dry 
surface, and ready for another meal, though with an 
appetite somewhat jaded. He found that cheese 
disagrees horribly with the leaves, turning them 
black, and finally killing them. Finally, he details 
the useless struggles of a curculio (beetle) to escape, 
as establishing the fact that the fluid is secreted, 
and not the result of the decomposition of the 
substance which the leaf has seized. The curculio 
being of a resolute nature, attempted to eat his way 
out — ‘when discovered he was still alive, and had 
made a small hole through the side of the leaf, but 
was evidently becoming very weak. On opening the 
leaf, the fluid was found in considerable quantity 
around him, and was without doubt gradually over- 
coming him. The leaf being again allowed to close 
upon him, he soon died.’ ” Prof. Burdon Sanderson 
has recently made some interesting observations on 
the electrical changes by which these movements are 
accompanied. (Brit. Ass. Report, 1873.) 

In the genus Drosera (Fig. 81), the hairs which 
cover the leaf, fold over and capture insects. This was 
first observed almost simultaneously by Mr. Whately 
and Mr. Roth. The latter says, “ I placed an ant upon 
the middle of the leaf of D. rotundifolia, but not so as 
to disturb the plant. The ant endeavoured to escape. 
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but was held fast by the clammy juice at the points 
of the hairs, which was drawn out by its feet into fine 
threads. In some minutes the short hairs on the disc 
of the leaf began to bend, then the long hairs, and 
laid themselves upon the insect. After a while the 
leaf began to bend, and in some hours the end of the 
leaf was so bent inwards as to touch the base. The 
ant died in fifteen minutes, which was before all the 
hairs had been bent themselves.” Mr. Darwin has 
recently shown that while the leaves will in this way 
close over, and actually digest pieces of meat or other 
animal matter, they take little notice of inorganic 
substances. 

I cannot pass from this subject without mentioning 
another insectivorous plant, the genus Sarracenia, 
though it is not British, and does not belong to the 
present order. .5". variolaris has some of the leaves 
in the form of a pitcher which secretes a fluid, and is 
lined internally with hairs pointing downwards. Ants, 
flies and other insects which fall into this pitcher 
cannot get out again, and are actually digested by 
the plant. Up the outside bf the pitcher there is a 
line of honey glands, which lure the insects to their 
destruction. Bees, however, appear to be scarcely 
ever caught. 

UMBELLIFER^. 

This is a very extensive order, containing no less 
than thirty-seven British genera (Carrot, Chervil, 
Parsley, Parsnip, &c.) and a very large number of 
species. The plants belonging to this group possess 
two great advantages— namelv. firsitlv. thp afiQnrtat-inrj 
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of the numerous small flowers into comparatively 
large flat heads, by which they are made much more 
conspicuous : and, secondly, they all secrete honey 
in the centre of the flower on a flat disk (Fig. 
84, 85) which is thus accessible to all insects, even 
those with the shortest lips. This is an advantage, 
as it eiiects a considerable saving of time, enabling 
the insects to visit a given number of flowers 



Fig. 83. — ^Wild Chervil (jOhceroj^hyUttmi syl-vestre}. 


more rapidly, and consequently rendering their fert- 
ilisation more certain than if they had stood 
singly. But though the order is so rich in genera 
and species, it is comparatively uniform, and the 
divisions are for the most part characterised by the 
form and structure of the fruit. The flowers are 
generally small ; the petals five, inserted round a little 
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fleshy disk ; the stamens, also five, alternating- with 
the petals. 

The self-fertilisation which, in small flowers such 
as these, would otherwise naturally occur, is provided 
against by the fact that the flowers are generally pro- 
terandrous, the stamens ripening before the pistil, 
and the latter not being mature until the former have 
shed their pollen ; as, for instance, is shown in the 
following enlarged figures of the Wild Chervil {CIkfto- 
phyllum sylvestr^, Fig. 84 represents a floret in the 
earlier (male) condition, showing three ripe (of) and 



Frc- 84. — Flower of the Wild Chervil in 
the first (male) state. 



two still immature (d), while the stigmas have not yet 
made their appearance : in Fig. 8$ is represented 
the same flower in a more advanced condition, the 
stamens having fallen off, and the stigmas {st') being 
now mature. In some cases, flowers in both condi- 
tions may be found in the same head or umbel ; in 
others, as, for instance, in Myrrhis, the flowers of one 
head are all firstly in the male condition, and subse- 
quently in that with mature stigmas, none of them 
arriving at the second stage until they have all passed 
through the first. 

It will be seen that in these florets the petals are 
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not symmetrical, the outer ones being considerably 
larger than the others, and in many Umbellifers the 
florets themselves, on the outer edge of the umbel, 
are considerably larger than the inner, ones. This 
distinction is carried still further in the Com- 
positse, where also the florets are so closely packed 
together that the whole flowerhead is commonly, 
though of course incorrectly, spoken of as a flower. 

H. Muller has recorded 73 species of insects 
as frequenting the Wild Chervil. In some cases 
the number was even greater, as for instance in 
Heracleum, on which he has observed no less 
than 1 18. That the number depends on the con- 
spicuousness of the umbel he illustrates by the 
following series, arranged in the order of the con- 
spicuousness of the flowers, — ^viz., i. Heracleum, 2. 
.<®gopodium, 3. Anthriscus (Chaerophyllum) sylvestris, 
4. Daucus, 5. Carum, 6 . Chzerophyllum temulum, 7. 
Torilis. On these he found the following number of 
species of insects : 

Heracleum 118 

lEgopodium 104 

Anthriscus sylvestris 73 
Daucus 6 1 

Carum 5 5 

Chaerophyllum temulum 23 
Torilis 9 

The position of the honey on a flat disk, which 
renders it accessible to most insects, has the opposite 
result as regards the Lepidoptera, which therefore, as 
might naturally be expected, are but rare vi.sitors of 
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the Umbelliferse. I have sometimes wondered whether 
the neutral tints of these flowers have any connection 
with the number of species by which they are fre- 
quented. 


TABULAR VIEW OF THE INSECTS VISITING SOME OF THE COM- 
MONEST SPECIES OF COMPOSITES AND UMBELLIFERS. 



No order of plants are more visited by insects than 
the Compositas and the Umbelliferae ; but from the 
difference in the form of the flowers the species are 
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very different. In the Umbellifers the honey, being 
secreted on an open disk, is therefore open to 
all insects. Though the tubes of the florets of the 
Compositae are short, still the honey is not quite so 
accessible as in the Umbellifers. H. Muller gives the 
preceding table, which brings this out very clearly, 
and which also shows the care and perseverance with 
which he cai'ried on his observations. 

Thus, then, while in Centaurea, out of every 100 
insects by which the flower is visited, no less tlian 58 
are bees, 27 are butterflies or moths, 12 are flies, and 
only 2 belong to other groups ; in the common 
Carrot on the contrary, where the honey is quite 
exposed, 13 in a hundred only are bees, 3 are butter- 
flies or moths, 31 are flies, and 52 belong to other 
orders. If a flower with a longer tube than that 
of Centaurea had been selected for comparison, the 
difference would have been even more striking. 

ARALIACE^ 

The only European .species belonging to this order is the Common 
Ivy {Hedera helix). It is proterandrous, and is much visited by flies and 
wasps. 


CORNACE^. 

This order contains one British gentis, Comus, with two species, C, 
suecica the Dwarf Cornel, and C. sanguinea the Common Cornel. The 
two species are very tmlike ; C. suecica being a low herb with minute 
flowers, which, however, are surrounded by four large, white bracts, 
which look like petals, and thus give the whole umbel the appearance 
of a single Bower. C. sanguinea is a shrub which attains i height of 
five or six feet.^ The honey is secreted from a fleshy ring at the base 
of the pistil ; it is accessible to all insects, and is much more visited 
by dies than by bees. The anthers and stigma mature simultaneously. 
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CHAPTER V. 

CO ROLLIFLO 

This suoclass contains those dicotyledons in which the petals ate 
united together, at least at the base. 


CAPRIFOI.IACE.^^. 

This order, which contains five British genera, Adoxa, 
Sambucus, Viburnum, Lonicera, and Linnaea, offers 
remarkable differences, especially in relation to the 
honey glands. Adoxa is a low, glabrous, light green 
herb : the flowers, which are coloured like the rest 
of the plant, secrete honey, which is exposed, and 
accessible to all insects. Sambucus nigra (The Com- 
mon Elder), on the contrary, secretes no honey. It 
is nevertheless sweet-scented, and is visited by several 
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insects, but often fertilises itself, as the stamens 
and pistil ripen simultaneously. Viburnum (the 
Guelder Rose) secretes honey, and the flowers are 
collected into a head as in the Elder, but the outer 
florets have the corolla considerably enlarged at the 
expense of the stamens and pistil* Although, there- 
fore, they produce neither pollen nor seeds, they are 
useful to the plant, by rendering the other flowers 
more conspicuous, and thus attracting insects. In 
remarkable contrast to these species, with their ex- 
posed honey, is the genus Lonicera (the honeysuckle). 
Lofiicera caprifolitmz has a honey tube no less than 
30 mm, long, for the most part not above i — 2 mm. 
wide, and moreover a great part occupied by the style. 
It is often, however, half full of honey. As in the 
longest tongued bees (Bombus kortorum and Antko- 
p/iora pilipes), the proboscis only attains a length of 
21 mm., those of Flies {Rhingia, Bombylius discolor) 
not more than ll — 12 mm., they are none of them 
in a position to extract all the honey ; and in fact 
Muller never found them attempting to do so, though 
they visit the flowers for the pollen. The honey 
of Lonicera caprifolium is therefore especially adapted 
for the larger moths. The flowers open in the even- 
ing, and are then specially fragrant. Muller found 
the following moths on this species : Sphinx convol- 
vuli; S. ligustri ; S. pinastri ; Deilephila elpenor ; JD. 
porcellus ; Smerinthus tilice ; JDiantkcecia capsincola^ 
Cucullia umbratica^ Plusia gamma, Dasyclura pudi- 
bunda. 

X. periclymenum (the Common Honeysuckle) 
aCTees in most respects with the preceding species. 
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but the tube is rather shorter, and the honey in con- 
sequence more accessible to bees. In our third species 
again, L. xylostetmt, the tube is still shorter, and the 
flowei's are regularly visited by flies and humble-bees. 


STELLAT/E. 

We have four British genera of this order, Rubla (the Madder), 
Galium, Sherardia (Woodruff), and Asperula, 

The flowers are small, but in many cases rendered conspicuous by 
association. Several of the species are sweet-scented, and attract 
insects by means of honey, which is either exj^o.sed on a flat dish (Rubia 
and Galium), or contained at the base of a short tube (Sherardia and 
Asperula), The stamens and pistil rq^en simultaneously, and if not 
visited by insects, the flowers fertilise themselves. The florets of Rubia 
peregrina are greenish ; those of Shcraf'dia arvensis blue or pink ; the 
others either white or yellow. Miiller calls attention to the influence of 
colour in the case of Galhmi moUitgo and G. vertmt^ which agree closely 
in most points, but the former of which is white, while the latter is 
3^ellow, which he says renders it much more attractive to small beetles. 

Fritz Miiller has described {Bot. ZeiL 1866, p. 129) a very interesting 
South American species of this group, Jkfari/ia {Rrosot/ucHa) J^ragans^ 
in which the stamens are irritable, and when touched by the proboscis 
of an insect, immediately explode, and throw the x^c>Uen. on to the 
insect, at the same time closing the entrance to the tube of the flower, 
in which the pistil is situated, and thus preventing the possibility of 
self-fertilisation. 


VALERIANErif. 

Of this family we have only one tmly British genus, Valeriana, 
though Centranthus riiber^ having been long cultivated in gardens, has 
become naturalised in some parts of England. 

The flowei's of the Allheal ( Vaieria 7 ia Ojffichzalis)^ though small, are 
rendered conspicuous by association. They are melliferous, and the 
honey is accessible even to short-tongued insects, by which they arc 
much frequented. They are proterandrous. 

Vaiejdajza dlotca^ while agreeing %vith the preceding as regards the 
honey, is, on the contory, generally dioecious, the male flowers being, 
as usual, larger than the female, and, consequently, in most cases 
visited first. 

COMPOSITE. 

This great group contains no less than forty British 
genera, and a very large number of species. It 
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comprises the Daisy (Beilis), Dandelion (Taraxacum), 
Groundsel (Senecio), Chrysanthemum, Thistle 
(Carduus), Lettuce (Lactuca), Hawkweed (Hieracium), 
&c. Though there are many differences in the 
structure of the flowers, as might naturally be 
expected in so large a group, still in many respects, 
they are very uniform. The florets are so closely united 
on a common head, that each group is commonl}'-, 
though of course incorrectly, spoken of as a single 
flower. The so-called flower of the Daisy, for instance, 
is in reality a group of flowers ; the outer row of 
which, or ray florets as they are termed, are unlike 
the rest and terminate on the outer side in a white 
leaf or “ ray.” 

The advantages of this arrangement are : — 

1. That the flowers become much more conspicu- 
ous than would be the case if they were arranged 
singly. 

2. That the facility with which the honey is obtained 
renders them more attractive to insects. 

3. That the visits of the insects are more likely to 
be effectual, since the chances are that an insect which 
once alights, touches several, if not many, florets. 

No wonder, therefore, that the Compositae are the 
most extensive family among flowering plants, are 
represented in every quarter of the globe and in 
every description of station (Bentham, “ Handbook 
of the British Flora,” vol. i. p. 408 ; Jour. Linn. 
Soc. 1873, p. 335,) and contain nearly ten thousand 
species. 

The principal differences among the Compositae, 
regarded from the point of view of the present work, 
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consist in the different length of the florets, rendering 
the honey more or less accessible to insects ; in the 
arrangement of the stamens and pistil ; and in the 
character of the outer, or “ray ” florets. 

In some of the Compositae the florets all contain 
both anthers and stigma. Generally, however, the ray 
florets develope no anthers, but a pistil only ; while in 
some species of Centanrea they are barren, and merely 
serve as flags. It is remarkable that in C. ni^ra, 
while the outer row of florets generally resemble the 
rest, they are sometimes enlarged and neuter, as in C. 
cyamis, &c. As regards the relation to insects, we 
find every gradation, between Taraxacum, Cirsium 
ar-uense, and Achillea, on the one hand which are 
conspicuous, rich in honey and much visited by 
insects ; and on the other, Senecio vidg-aris, which is 
rarely visited by insects, and the species of Artemisia, 
which are said to be wind fertilised. 

In Tussilago farfara the disk florets give honey 
and pollen ; the ray florets contain neither, but render 
the flower-head conspicuous, and produce seed. 

In the common Feverfew, or large white Daisy 
(Fig. 86), {Chrysanthcmiim parthcniimt), which has 
been well described by Dr. Ogle, “ Popular Science 
Review,” April 1870, the flower-heads comsist of 
an outer row of female fioret-S, in which the tubular 
corolla terminates on the outer side in a white leaf or 
ray, which doubtless is useful in making the flower 
conspicuous. The inner florets are also tubular, 
but are small, yellow, and without a ray. Each of 
these florets is furnished with stamens as well as a 
pistiL The anthers are united at their sides so 
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as to form a closed tube, within which the pistil 
lies. They ripen before the pistil, and open on their 
inner sides, so that the pollen is discharged into the 
upper end of the tube above the head of the pistil. 
When the flower opens, the pollen is already ripe, and 
fills the upper part of the stamen tube. A floret in 
this condition is represented in (Fig. 87). The pistil, 
however, continues to elongate, and at length pushes 



the pollen against the upper end of the tube, which 
gives way, and thus the pollen is forced out of 
the tube, as shown in (Fig 88). The pistil itself 
terminates in two branches, which at first are pressed 
closely to one another, and each of which terminates 
in a brush of hairs (Fig. 89). As the style elongates 
this brush of hairs sweeps the pollen cleanly out of 
the tube, and it is then removed by insects. When 
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the pistil has attained its full length, the two branches 
open and curve downwards, so as to expose the 
stigmatic surfaces (Fig. 89 si) which had previously 
been, pressed closely to one another, and thus 
protected from the action of the pollen. From this 
arrangement it is obvious that any insect alighting on 





Fig. 87. — Floret of Chrysanthe 7 ntt 7 H opened- 
Fig. 8S, — Ditto, somewhat more advanced. 

Fjg. 89. — Ditto, with the stigfmas expanded. 


the flower-head of the Chrysanthemum would dust its 
under-side with the pollen of the younger flowers, 
which then could not fail to be brought into contact 
with the stigmatic surfaces of the older ones. As the 
expansion of the flowers begins at the outside and 
thence extends to the centre, it is plain that the pollen 
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of any given floret cannot be used to fertilise one 
situated on its inner side. Consequently, if the outer 
row of florets produced pollen, it would, in the great 
majority of cases, be wasted. I have, however, 
already mentioned that these florets do not produce 
pollen, while the saving thus effected enables them 
to produce a larger corolla. It is also interesting 
to observe that in these outer flowers the branches 
of the pistil do not possess the terminal brush of 
hairs which, in the absence of pollen, would be 
useless. 

In other Composite, as in the Marigold, while the 
ray flowers produce no pollen, the disk flowers develop 
no stigmas. In this case, as in the Feverfew, the pistil 
of the ray flowers does not require or possess the 
terminal brushes of hairs, there being no pollen to be 
swept out. The central flowers, on the other hand, 
though they develop no stigmas, require a pistil in 
order to force the pollen out of the anther tube. 
Hence the pistil is present as usual, but the head is 
simple and not bifid. This complete alteration of 
the function of the pistil is extremely curious. 

In Chrysanthemtcm leuca7tthemtim according to 
Muller, the pistil of the ray florets possesses a ter- 
minal brush, which, however, is much less developed 
than in the disk florets. Matricaria cajnomilla agrees 
in most respects with Chrysanthemum. The strong 
smell of this flower, however, seems to be distasteful 
to bees, though Muller has observed it to be visited 
by Prosopis signata and Sphecodes gibbus. It is said 
to be generally fertilised by flies. Anthemis re- 
sembles the two preceding genera in many respects. 
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but differs in possessing scales between all, or at least 
the central, florets of the receptacle. 

The Common Daisy {Beilis perennis) has ray florets 
I — 2 mm. in length, united into a yellow disk 6 mm. 
in diameter, and surrounded by a row of florets, each 
terminating in a white “ flag ” 5 mm. in length. These 
ray florets are exclusively female, and the pistil has 
lost the terminal brush of hairs. The two branches are 
long and clothed on their whole upper surfaces with 
rows of stigmatic papillae. The pistil of the ray 
flowers, on the contrary, has short branches, terminat- 
ing in a tuft of hairs, and only provided with a small 
number of stigmatic papillae. When fertilised, the 
pistil retires again into the tube of the floret. 

In Inula dyse 7 ztei'ica (the Fleabane) the disk florets 
contain both stamens and pistil; the ray florets a 
pistil only, which, however, agrees exactly with that of 
the disk florets, even in the position of the terminal 
hairs, which in the absence of pollen, must apparently 
be useless. 

In Tzzssilago farfara the disk florets are male, the 
ray florets female. In the disk florets the ovary is 
rudimentary; they contain honey at the base of the 
tube, which has a length of 4 mm. The pistil 
terminates in the usual tuft of hairs. The ray 
florets, on the contrary, produce no pollen ; they open, 
and as the stigmas are mature, before the anther 
tubes of the disk flowers have opened, they are in fine 
weather almost always fertilised by the pollen from 
other flowers. 

In the Common Groundsel {Senecio vulg'aris), 60 to 
80 florets are united on one receptacle. The lower. 
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tubular, portion of the floret has a length of 3^ to 4 
mm. ; the bellshaped portion, only of i — i J mm. The 
flower heads have no ray flowers, and being therefore 
much less conspicuous than the allied species, are 
rarely visited by insects^ 

Cardmcs arvensis (Cirsium of some authors) is the 
commonest of our thistles. Each head contains 
about ICO florets. The tube of the florets is 8 — 12 
mm. in length, the upper part forming a bell-shaped 
reservoir i — mm. in depth, with five diverging 
linear lobes. As the lateral florets turn outwards, the 
whole form a flower head, as much as 20 mm. in 
diameter. Being therefore very conspicuous, and as 
the honey in this species and most of its allies rises 
into the cup of the flower, so as to be accessible even 
to insects with very short tongues, it is visited by a 
large number of species. Muller records no less than 
88. In C. lanceolatum, on the contrary, though it is 
also a very common species, still in consequence of 
the cup being somewhat deeper (4 — 6 mm. against 
I — in C. arvensis), and the honey therefore rather 
less accessible, he only records twelve. In C. pahistris 
the depth of the cup is intermediate between those 
of the two preceding species, and also the number of 
insect visitors, namely 22. 

Onopordon differs from Carduus only in the 
character of the receptacle, which does not bear 
chaffy bristles, as in that genus. 

The genus Centaurea offers several interesting 
points. In C^jacea^ which is sometimes, for instance 
by Bentham, regarded as a variety of C. nigra (the 
Knapweed), 60 — 100 florets are united into a head ; 
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the tubes of the florets are 7 — 10 mm., the cups 3 — 41 - 
in length, each with five long, linear, lobes. The di- 
vergence of the outer florets gives the whole head a 
diameter of 20 — 30 mm. The hairs constituting the 
pollen brush are not situated at the extremity of the 
stigmas as in the preceding species, but form a ring 
round the pistil at the spot where it bifurcates. When 
the flower opens the pollen has been already shed into 
the anther tube in the upper end of which it lies, 
occupying the space between the anthers’ and the 
pistil, and supported by the ring of hairs. If now 
the flower remains untouched, after a while the stig- 
matic lobes separate, and some of the pollen falls 
on them. But if, as generally happens, an insect 
alights on the flower, or if in any other way the tip of 
the anthers is touched, immediately the stamens con- 
tract, exposing the pollen, which is supported by the 
stigmatic lobes. Gradually the pistil elongates, and 
the stigma.tic lobes separate ; by which time the 
pollen has generally been all removed, as the flowers, 
in consequence of their richness in honey, are much 
frequented by insects. 

In C. ?iig 7 'a the outer florets are sometimes of the 
same size as the rest, sometimes larger, and without 
either stamens or pistils. In C. scabiosa this is always 
the case. The tubes of the florets also are longer, 
the cups deeper, and the honey less accessible, 
in consequence of which it has fewer insect visitors, 
Muller records only 21 against 48 in C. nigra. In 
C. Cyamis also the ray florets are neuter. The con- 
tractility of the stamens is very marked. In flowers 
kept in a room, Muller observed that when touched. 



V.] TARAXACUM, ARTEMISIA, DIPSACEjE. 119 


they rapidly withdrew themselves 2 — 3 mm., and then 
more slowly, 4 — 6 mm. 

Taraxac^lm (the Dandelion). In T. officinale the 
heads consist of 100 — 200 florets. In fine weather 
they stand open, but at night and during rain they 
close completely. The two lobes- of the stigma 
gradually curl over, so that if the visits of insects 
are delayed the flower always fertilises itself. The 
honey, however, is so abundant, and rises therefore 
so high in the floret, that it is very accessible to 
insects, no less than 93 species of which have been 
observed by Mliller to visit this plant. The bright- 
ness of its colour, the quantity of its honey, the habit 
of closing in unfavourable weather, and the power of 
self-fertilization, go far to explain the great abundance 
of the Dandelion. 

The genus Artemisia has minute greenish florets, 
and is said to be wind-fertilised. 

This order is the subject of an admirable memoir 
by Hildebrand (Ueber die Geschlechtsverhaltnisse bei 
den Compositen). 


DIPSACEiE. 

There are two British genera belonging to this 
order ; Dipsacus (the Teasel) and Scabiosa. The so- 
called flower is a compound flower head, as in the 
Compositae, from which, however, this group may be at 
once distinguished by possessing free anthers. Each 
floret, moreover, is inserted in a small involucel.'' 

Dipsacus is a proterandrous genus. The pistil 
terminates in two lobes, the upper surfaces of which 
constitute the stigma. As, however, in consequence 
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of the stiff spines, which radiate on all sides from 
the flower heads of this plant, the humble bees, by 
which it is principally fertilised, can only touch the 
florets with their heads, the two lobes often get in 
one another’s way, and according to Muller it would 
be a distinct advantage if one of them were absent. He 
points out also that in fact one of them is sometimes 
rudimentary, or even occasionally altogether absent. 
This adaptation then, it would seem, has actually 
commenced. 

Scabiosa arvensis is also proterandrous. About 50 
florets are united in one head ; they increase in size 
from the centre towards the circumference, while in 
Sc. columbaria the outer row is considerably larger 
than the rest, and in Sc. succisa they are nearly equal 
in size. The honey is at the base of the tubular 
florets, which, however, are more or less funnel- 
shaped at the mouth, thus greatly facilitating the 
access of insects. Not only are the florets proteran- 
drous, but this is the case with the whole head ; for, 
though the anthers come to maturity slowly and (as 
a general rule) successively from the edge to the 
centre, none of the stigmas emerge until the anthers 
have all shed their pollen, when they rapidly come to 
maturity. The male condition of the flower-head 
lasts several days ; the stigmas, on the contrary, come 
to maturity almost simultaneously. This difference 
is obviously an advantage. From the length of time 
during which the anthers are ripening, whenever 
there is a sunny day, and the insects are abroad, they 
are almost sure to find some anthers ready to dust 
them with pollen. On the other hand, the stigmas 
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being mature at the same time, they are capable of 
being fertilized by a single visit. 

Besides the flower-heads with hermaphrodite florets, 
there are others which contain female florets only, 
the stamens being more or less rudimentary. This 
is also an advantage, because if it were otherwise the 
quantity of pollen would be unnecessarily large. 
Scabiosa arvensis is visited by a great variety of 
insects belonging to several orders. 

Sc. columbaria differs from Sc, arve^zsis as already 
mentioned in having a row of distinctly larger ray 
florets, while the central ones are all of equal size ; 
in having five lobes to the corolla instead of four ; 
the florets also are smaller ; and consequently, in 
heads of the same size, more numerous ; the florets 
appear to be all hermaphrodite ; and the ripening of 
the anthers does not take place, successively, from 
the outside. Why should there be these differences 
in species otherwise so nearly allied 1 

CAMPANULACE^. 

The genus Campanula takes its name from the 
tubular, bell-shaped corolla, which terminates in five 
broad or lanceolate lobes. The flowers are much 
frequented by insects, and secrete honey at the base 
of the bell. The anthers are distinct, the filaments 
of the stamens are expanded at the base into trian- 
gular valves, which serve to protect the honey ; the 
pistil is cleft at the top into two, three, or five stig- 
matic lobes. The genus is widely distributed and 
contains numerous species. 
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The accompanying figures show a flower of 
meditcm in three stages. In the bud (Fig. 90) just 
before opening, it will be seen that the large, long 
anthers clasp the pistil, which is no longer than they 
are themselves. In the second stage (Fig. 91) the 
anthers have opened on the inner side, and shed their 
pollen, which adheres to the style. The anthers them- 
selves then shrivel up, ofFei'ing a surprising contrast to 
their former condition. Insects visiting the flower for 



the sake of honey, do not, as far as I have observed, 
generally walk on the petals, being deterred by the stiff 
hairs which are scattered on their inner surface* In 
any case, however, they are almost sure, sooner or later, 
to clasp the style, when they necessarily dust them- 
selves with the pollen. In this stage the flower is 
incapable of fertilization. Gradually, however, the 
style elongates, and the lobes of the upper end 
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separate, so that by the time the pollen is all removed 
the flower is in the state shown in Fig. 92, and it 
is evident that any bee which may have visited a 
younger flower, and dusted its under side with pollen, 
can hardly fail to deposit some of it on the stigmatic 
surfaces thus extended for its reception. 

It had been supposed that the hanging position of 
Campanula and other bell-shaped flowers had reference 
to the position of the stamens and pistil, so that the 
pollen might fall from the former on to the latter. 
Sprengel, how^ever, pointed out that the real advan- 
tage to the flower consisted in the fact that the honey 
is thus protected against rain. If the pollen fell on 
to the stigma, it is indeed obvious that the stigmatic 
surface should be turned upwards, whereas it is at the 
end of the pistil, and is consequently turned down- 
wards, showing that the pollen comes from below and 
not from above. 

The other British genera of Campanulaceae are 
Lobelia, Jasione, and Phyteuma. 

ERICACE^. 

This order contains ten British genera. 

Erica tetralix (the Cross-leaved Heath) has been 
well described by Dr. Ogle [Popidar Science Review, 
April 1870). The flower is in the form, of a bell 
(Fig. 93), which hangs with its mouth downwards, 
and is almost closed by the pistil, and stigma {sf), 
which represents the clapper. The stamens are eight 
in number, and each terminates in two cells, which 
diverge slightly, and have at their lower end an oval 
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opening. But though this opening is at the lower 
end of the anther cells, the pollen cannot fall out, 
because each cell, just where the opening is situated, 
rests against the next anther cell, and the series of 
anthers thus form a circle surrounding the pistil and not 
far from the centre of the bell. Each anther cell also 




sends out a long process {pr, pr), which thus form 
a series of spokes, standing out from the circle of 
anthers. Under these circumstances, a bee endea- 
vouring to suck the honey from the nectary cannot 
fail firstly to bring its head in contact with the viscid 
stigma (Fig. 93, s£) and thus to deposit upon it any 
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pollen derived from a previous visit ; and secondly, 
in thrusting its proboscis up the bell, it inevitably 
comes in contact with one of the anther processes, j>r, 
which then acts like a lever, and dislocates the whole 
chain of anther cells, when a shower of pollen falls 
from the open anther cells on to the head of the bee. 

Erica cinerea agrees very closely with E, tetralix. 
In Erica (or Callu7ia) vulgaris (the Common Heath), 
on the contrary, where the flowers are, in their natural 
position, more horizontal, the stamens and pistil 
incline upwards, so that insects press their proboscis 
under them, and in this manner the pollen is less 
likely to be wasted, than if they were central as in 
E, tetralix. In Erica vagans (the Cornish Heath), 
E. carnea^ and E. ciliata, the anthers have no ap- 
pendages. 

In the allied genus Vaccinium there is an arrange- 
ment similar to that in Erica, but the anther cells are 
closed,, not by touching one another, but by resting 
against the style, so that the style itself closes the 
openings until the anthers are disturbed by the 
proboscis of the bee. V. tdiginosum is much larger 
than V. Myrtillus, and consequently more conspicuous ; 
V, Myrtillus^ on the other hand, has the compensating 
advantage of being richer in honey. 

The curious, brown-coloured, nearly leafless, Mono-- 
tropa (Yellow Birds-nest), differs very much from the 
rest of the order. 


PRIMULACE.a2. 

This order is represented in Britain by .eight genera : 
Primula, Lysimachia, Trientalis, Glaux, Anagallis, 
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CentunculuSj Samolus, and Hottonia. Cyclamen also 
grows wild in some places, but is not a true native. 

I have already referred to the genus Primula in the 
introductory chapter {antk p. 33.) The majority of the 
species are dimorphous, but not all. {Scott Proc, Lhin. 
Soc,y voL viii, 1864,) In Primula Stricta, according to 
Axell. (Om Anord. for de Vax Befrucktning), when 
the flowers first open, the anthers are already mature, 
and are attached to the tube of the corolla, some 
distance above the as yet immature stigma. 
Gradually however the pistil elongates, bringing the 
stigma to the same height as the anthers. 

Hottonia paltistris, though so unlike Primula in 
habit and appearance, is also dimorphous, and agrees 
with the former genus very nearly in the relative 
positions of the stamens and pistil in the two forms, 
The difference was noticed by Sprengel, who says 
(p. 103), I think this is not accidental, but a provision 
of nature, though I am not in a position to point out 
the advantage of it.” 

Lysi7nachict vulgaris produces no honey. In this 
species Muller has observed the existence of two 
extremes (connected, however, by intermediate 
forms) \ one, more conspicuous, which rarely or 
never fertilises itself ; the other less conspicuous, 
frequenting shady places, and habitually self-fertile. 

Of the genus Anagallis (the Pimpernel) we have, 
according to Bentharn, two species only, A, arvensis 
and A, teuella. The former, however, contains two well 
marked varieties, one blue and the other red, which are 
considered by some botanists as distinct species, under 
the names of A. ccBrulea^ and A, arvensis. Whether 
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it may be more convenient to treat them as true species 
or as mere varieties, it must at least be admitted that 
they differ considerably. Not only are they of dif- 
ferent colours, the one blue, the other red, but A. 
ccETulea is very decidedly smaller. The stamens and 
pistil ripen simultaneously. The flowers contain no 
honey, and partially close about three o’clock in the 
afternoon. 

The flowers are seldom visited by insects, and it 
would appear that they generally fertilise themselves. 
This is said to be the case also with Cejttzmculus 
minimus. 


GENTIANACE^. 

In this order we have six British genera : Cicendia, 
Erythraea, Gentiana, Chlora, Menyanthes, and Lim- 
nanthemum. 

Geziiiana Pneumonanthe is proterandrous. It 
secretes honey at the base of a tube 25 — 30 mm. long; 
Bees, however, can creep half way down, in doing 
which they come in contact with the anthers in 
younger flowers, and in older ones with the stigma, 
which lies somewhat higher in the tube. The power 
of seif-fertilisation appears to be lost. Gentiana ama-- 
rella, on the contrary, is homogamous, the anthers and 
stigma coming to maturity together, though as the 
style of pistil is somewhat longer than the stamens, an 
insect touches the stigma before reaching the anthers. 

The beautiful Erythrcea centatzriicm is frequently 
visited by butterflies, though it contains no honey, at 
least neither Sprengel nor Muller could find any. 
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Menyanthes and Limnanthemum (Kuhn, jBo^. 

1867) said to be dimorphous. 

POLEMONIACE^. 

This family is represented in England by one species, Polemonhtm 
ccs7'‘uleu7n^ and even this is a doubtful native. It has been shown by 
Axell to be proterandrous. 


BORAGINACE^ 

This order is easily distinguished from all others, 
except the Labiate, by the four seed-like nuts ; 
from the Labiatae by the form of the flowers, and 
by the leaves being alternate. It contains eleven 
British genera, viz., — Echium, Pulmonaria (Fig. 96), 
Mertensia, Lithospermum, Myosotis, Anchusa, Lycop- 
sis, Symphytum, Borago (Fig. 95), Asperugo, and 
Cynoglossu m. 

In consequence of its conspicuousness, and the 
easy accessibility of its honey, Echiit.m vulgare is 
visited by a great variety of insects. The flower is 
tubular, contracting towards the base, so that insects 
are naturally conducted to the honey. The stamens 
are five in number; one remains in the tube of the 
flower, while the other four project, and form a con- 
venient alighting stage for insects, which can thus 
hardly fail to dust their undersides with pollen. 

Echium is proterandrous ; when the flower opens 
the anthers are already ripe ; the pistil, on the other 
hand, is still quite short and immature, scarcely 
reaching to the mouth of the tube. Gradually, how 
ever, it extends until it reaches 10 mm. beyond 
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the tube, and divides at the end into two short 
branches, with terminal stigmas. In this species, 
therefore, cross-fertilisation is favoured; firstly, by 
the fact that the stamens ripen before the stigmas ; 
and, secondly, by the relative position of the two, the 
stigmas, as we have seen in so many other cases, 
projecting somewhat beyond the stamens. Under 
these circumstances cross-fertilisation is so thoroughly 



secured, that the plant is said to have lost the 
power of fertilising itself. Muller observed no less 
than 67 species of insects on the flowers of this 
plant : some of which (^Osmia adunca and O. c<Z7nen- 
tarid) seem to confine themselves to it. 

In the Borage {Borago officinalis. Fig. 95) we find 
an arrangement of the stamens and pistils very 

K 
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different to , that in Echium, but, as Sprengel has 
pointed out, somewhat resembling that already de- 
scribed in the Violet, The flowers are drooping, of 
a beautiful blue, with a white central circle ; dark 
stamens, combined into a tube, and a pink pistil. The 
pale yellow, fleshy ovary secretes honey, which lies 
in a short tube formed of the basis of the stamens. 
The anthers are long, and open gradually from the 
apex to the base, so that the pollen falls into the 
closed space between them and the pistil. This 
arrangement effectually protects both the pollen and 
the honey from all insects, excepting bees. The 
latter, however, force their proboscis down to the 
honey, between the anthers, which, however, return 
to their former position again, as soon as the pro- 
boscis is withdrawn. As soon as the anthers are 
separated, the pollen drops down on to the head of 
the bee, and is thus carried from one flower to 
another. Cross-fertilisation is also favoured by the 
flower being proterandrous, the stigma not becoming 
mature until the anthers have shed all their pollen. 
The Borage is much visited by bees, especially by 
the common hive bee. 

PulfKonaria officinalis (Fig. 96) is a dimorphous 
species ; being rich in honey and much visited by in- 
sects, it has not only lost the power of self-fertilisation, 
but is said by Hildebrand {Bot, 1865) to be 

sterile to pollen from the same form of flower; that 
is to say, long-styled flowers require to be fertilised 
by pollen from short-styled flowers, and ^ice versd, 
Darwin, however, succeeded in obtaining seeds and 
raising seedlings from some long-styled plants which 
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were fertilised with pollen of the same form. {^our. 
Linn, Soc., v. x. p. 430.) We have already seen that 
this is partially the case with other dimorphous species. 
The genus Myosotis (the Forget-me-not) has 
already been alluded to in the introductory chapter 
(antk p. 31). The species, however, appear to differ 
among themselves in the relative positions of the 
stamens and pistil. 



In this beaiitiful and interesting family, though we 
have not above twenty British species, we find, as 
Muller has well pointed out, the widest differences in 
the conditions of fertilisation, Pulmonaria officinalis 
is dimorphous, and sterile — not only with its own 
pollen, but even in some cases with that of a different 
flower, unless it belongs to the different form. Echiunt 
vulgare has lost the power of self-fertilisation, but, so 

K 2 
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far at least as we know, is fertile with the pollen of 
any other flower belonging- to the species. Other 
species are generally fertilised by insects, but in theii 
absence perform this office for themselves ; while 
lastly, some species, such as Lithospermitm arvense, 
and Myosotis inter77iedia, habitually fertilise them- 
selves. Again cross-fertilisation is secured in Pulmo- 
naria by dimorphism ; in Echium and Borago by 
proterandrousness (if I may be permitted to coin the 
word) : in Symphytum and Anchusa, by the projec- 
tion of the stigma beyond the stamens ; in Lithos- 
permum and Myosotis, by the narrowness of the 
flower tube. 


C ON VO UVV 'LAC'EJE. 

The well-known Convolvulus and the singular little 
Dodder (Cuscuta) are the only British genera belong- 
ing to this family. 

Cuscuta is a leafless, annual, parasitic plant, with 
thread-like stems. The flowers are small, nearly 
globular, and grow in lateral heads or clusters. One 
species attacks the clover, and is sometimes sufficiently 
abundant to do much mischief. 

We have in England three species of Convolvulus 
— C. arvensis^ C, sepiunty and C, soldmiella, 

C. arvensis being melliferous and slightly sweet- 
scented, is much visited by insects. The honey is 
situated below the bases of the stamens, which are 
somewhat flattened and bent inwards, so that the 
insect can only reach the honey by pressing its pro- 
boscis down between them. The stigmas and anthers 
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mature at the same time; but as the former project 
above the latter, they are necessarily touched first 
If the visits of insects be too long deferred, the 
flower fertilises itself. C- arvensis closes in wet 
weather and at night. 

C. s^pimn^ on the contrary, remains open during 
rain, but closes at night, unless there be a moon, 
when it remains expanded. It has no smell, and is, 
perhaps, on that account, in spite of its large size 
comparatively little visited by insects. 

SOT^ANACE-^. 

The British genera are the following ; Hyoscyamus (the Henbane) 
Solanum (the Nightshade), and Atropa. Datura is sometimes found 
growing wild, but it is not a true native. 

Solanum secretes no honey, and is little visited by insects. Hyos- 
cyamus, on the contrary, is melliferous, and cross-fertilisation is favoured 
by the projection of the stigma beyond the anthers. 


OROBANCHACE^. 

A curious family, with simple or rarely-branched stems, and scales 
instead of leaves. The species are either brown or purplish, but never 
green, and are parasitical on the roots of other plants. There are two 
British genera : Orobanche (Broomrape) and Lathrsea. 


SCROPHULARIACE.E. 

This is a large family consisting of fourteen genera ; 
and contains Veronica (Fig. 97), Verbascum (Mullein), 
(Fig. 98), Linaria, Antirrhinum (Snapdragon), Scro- 
phularia (Fig. 99), Digitalis (Foxglove), (Fig. 100), 
Euphrasia (Eyebright), (Fig. 106), RhinanthuE 
(Rattle), &c. 
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The first two genera have more or less open 
flowers ; while the others are more distinctly tubular, 
and have much the appearance of Labiatae, but differ 
from that group in having the ovary two-celled, with 
several ovules in each cell. 

Veronica. The flowers are rendered conspicuous 
by their colour and the association in racemes. In 
V. Chamcsdrys (Fig. 97), the anthers and stigmas 
ripen simultaneously, but while the latter project 



straight forwards, the two stamens turn outwards, so 
that fertilisation can hardly take place. 

V. Beccabimg’a in many respects resembles V. Cha- 
fnesdrjs; but is proterogynous. In V. spicata some 
flowers are proterogynous, others proterandrous, and 
being, in consequence of their conspicuousness, much 
visited by insects, tliey appear to have lost the power 
of self-fertilisation. In V. kedercefolia, on the con- 
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trary, the flowers are minute, and habitually fertilise 
themselves. 

The species of Verbascum (Mullein) are showy 
plants, with either white or yellow flowers, forming a 
tall spike, which in V. Tkapsus reaches a height of 
four feet. V. L. (Fig. 98) has yellow flowers ; 

the stamens clothed with beautiful violet hairs. They 
secrete very little honey, but are visited by various 



insects for the sake of the pollen, and perhaps also 
on account of the glandular terminations of the violet 
staminal hairs. The stamens turn somewhat upwards, 
the pistil, on the contrary, downwards, so that an 
insect alighting on the lower lip of the corolla, which 
is the most convenient place, would naturally come 
in contact with it before touching the stamens. 
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nigrum, however, according to Gaertner, cannot be 
fertilised by its own pollen. 

The genus Scrophularia, from which the family 
takes its name, is remarkable in many respects. 
From the general arrangement of the blossom in 
flowers of the Labiate form, the pistil could hardly 
occupy any other position than the central median 



line, and a fifth stamen would accordingly be in the 
way. It has therefore disappeared, though Muller 
mentions that he once found one in Lamium album. 
In Scr. nodosa (Fig. 99"), however, the four normal 
stamens and the pistil occupy the lower side of the 
flower, and the presence of a fifth stamen, even if 
useless, is under these circumstances not injurious. 
A rudimentary fifth stamen is, in fact, habitually 
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present, and in some cases bears pollen, Scr, nodosa 
is proterogynous, and is much frequented and fertil- 
ised by wasps. Pentstemon also has a fifth stamen, 
which curves in a very curious manner from the 
upper to the under side of the flower so as to be 
out of the way of the pistil. Ogle regards it as 
perfectly useless {Popidar Science Reviezv^ Jan. 1870), 
but it is so large that I cannot help thinking it must 



Fig. ioo. Fig. ioi. Fig. 102 . 

Fig. ioo. — Section of Digiialis ^tt-rpu-rect, showing the anthers unripe and horizontal. 
Fig. Ditto, more advanced. The upper anthers ripe and vertical, the lower ones 

as before. 

Fig. 102. — Ditto, still more advanced. All the anthers ripe and vertical. 

have some function, though I am unable to suggest 
one. 

In Linaria vulg'aris the flowers form a closed box 
terminating behind in a spur, lo — 13 mm. in length, 
which contains the honey, and the orifice of which is 
protected by hairs. Under these circumstances, the 
long-lipped bees are the only insects which can suck 
the honey. Antirrkimm maj^cs (the Snapdragon) 
differs in the larger size of the flowers, the greater 
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firmness with which they are closed, and in the posi- 
tion of the honey, which lies at the basis of the 
corolla, and does not penetrate into the short spur, 
which is hairy, and therefore not suited for such a 
purpose. They are almost always fertilised by humble 
bees, though smaller bees occasionally force their way 
into them. 

Digitalis purpicrea (the Foxglove) is also exclusively 
fertilised by humble bees, which alone are large 



enough to fill the bell, and thus to deposit pollen 
on the stigma. The flower is proterandrous, but 
appears to be self-fertile if the visits of humble bees 
are delayed or prevented. The anthers, as Ogle has 
pointed out, are at first transverse (Fig. lOo), but as 
the two pairs ripen they successively become longi- 
tudinal (Figs. loi and 102). 
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The other British genera of this group have narrow 
tubular flowers ; in which the upper lip protects the 
anthers and pistil, while the lower lip serves as an 
alighting stage for insects. The stamens are so ar- 
ranged that the insects in searching for the honey 
dust themselves with the pollen. For instance, in 
Bartsia odontites (Fig. 103), the common red Bartsia, 
the flower forms a tube 4 — 5 mm. long ; at the base 
of which is the honey, while the entrance is protected 
against rain by the four hairy anthers. These lie 





Fig. 104 . — Barisia odautites. Flower Fig. 105. Ditto. Flower with a long 
with a short pistil. pistil. 


close together ; but immediately below them, the 
filaments of the stamens separate so as to leave a 
space through which bees can insert their proboscis, 
and thus reach the honey. In doing so they natur- 
ally dust themselves with pollen, some of which 
they transfer to the stigma (Fig. 105, st') of the 
next flower they may visit. Muller has observed 
that in plants of this species which live in shady 
places and are consequently less visited by insects, 
the pistil is shorter (Fig. 104), the stigma consequently 



140 


JEYEBRIGHT. 


[chap. 


nearer to the anthers, and more likely to be fertilised 
directly, by them. 

He also observes that this flower is not perfectly 
adapted to present circumstances, since bees are able 
to, and often do, insert their proboscis .above the 
stamens, in which case they do not fertilise the 
flower. 

Eupfirasia officinalis (the Eyebright) (Fig. io6), 
agrees in many respects with the preceding ; but there 




Fig. io6. — E.ttphrasia pjjficmalis^ Fig. 107. — Flower of officinalis. 

is no room above the stamens for the proboscis of 
the bee. The anthers (Fig. 107) also, which in 
Bartsia odontites are merely locked together by hair, 
in this species are more intimately connected, the two 
uppermost anthers to one • another, the lower anther 
of each upper pair with the upper anther of the lower 
stamen on the same side. The lower anther of the 
lower stamen is produced into a strong point (I'ig. 
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107, which is touched by the proboscis of the bee 
in passing* down the tube to the nectary, and serves 
as a lever, shaking the whole system of anthers and 
thus causing the pollen to fall out on to the bee. 

In this species also H. Muller has observed that 
there are two forms, a larger one which is adapted to 
be fertilised by insects, and a smaller one which more 
frequently fertilises itself 

In Rhinanthus Cristag'alli (the Common Rattle) the 
anthers are locked together, and the pollen is shed 
on to the bee, but the mode in which this is effected 
is not the same. In this species, as in Bartsia odon- 
tites^ the bee has to pass its proboscis between the 
filaments of the anthers in order to reach the honey, 
and the space between them is so narrow, that the 
bee in pressing its proboscis down the tube, presses 
the filaments apart, thus shaking the anthers, and 
freeing the pollen. In this species also H. Mliller 
has observed the existence of two forms. 

In the Common Pedicularis (Fig. 108) (Pedictilaris 
sylvaticd), which has been well described by Delpino 
and Ogle, the arrangement is somewhat different. 
The anthers open on their inner sides, and the 
edges of the open anther cells on the one side of 
the flower exactly correspond with, and are applied 
to, the corresponding edges of the anthers on the 
other side of the flower ; each pair of anthers thus 
forming, as it were, a closed box. The outer sides 
of the anthers are slightly attached to the walls of 
the hood. But the sides of the hood are somewhat 
too near together to admit the head of the humble 
bee, and the insect therefore, in order to reach the 
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honey, pushes them a little apart, thus opening the 
anther-box and letting down a little shower of pollen, 
which is prevented from spreading by the fringe of 



Fig. io8 — Pedicularis sylvatica. 


hairs on the lower edge of the anther, and thus falls 
on to the head of the bee, at the very spot which a 
moment^ before had touched the stigma, and which 
will again touch that of the next flower she visits. 


V.] 


LABIATE. 


143 


In P. pahistris the point m is elongated, and the 
anthers, in the specimens which I have examined, are 
glabrous. 

The structure of Melampyrum agrees in essentials 
with that of Pedicularis. In Calceolaria pinnata, 
Hildebrand describes an arrangement somewhat 
similar to that which we shall meet with in Salvia. 


LABIAT.®. 

This large and interesting order contains eighteen 
British genera, amongst which are the Salvia, Dead 
Nettle, Sage, Thyme, Mint, Marjoram, Bugle, and 
Calamint. Most of them, if not all, produce honey 
at the base of the ovary. 

In few flowers is the adaptation of the various 
parts to the visits of insects more clearly and beauti- 
fully shown than in the common white Dead Nettle 
{^Lamhcm album), (Fig. 109). 

The honey occupies the lower contracted portion 
of the tube, and is protected from the rain by the 
arched upper lip and by a rim of hairs. Above the 
narrower lower portion the tube expands, and throws 
out a broad Up (Fig. nr m), which serves as an 
alighting place for large bees, while the length of 
the narrow tube prevents the smaller species from 
obtaining access to the honey, which would be in- 
jurious to the flower, as it would remove the source 
of attraction for the bees, without effecting the object 
in view. At the base of the tube, moreover, at the 
point marked ca. Fig. in, there is a ring of hairs 
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which prevent small insects from creeping- down the 
tube and so getting at the honey. Lamium, in fact, 
like so many of our other wild flowers, is especially 
adapted for humble bees. They alight on the lower 
lip, which projects at the side, so as to afford them 
a leverage, by means of which they may press the 
proboscis down the tube to the honey ; while, on the 
other hand, the arched upper lip, in its size, form, and 



position,^ is admirably adapted not only as a protec- 
tion against rain, but also to prevent the anthens (Fig 
a) and pistil (Fig. iii, si) from yielding too easily 
to the pressure of the insect, and thus to ensure that 
it should press the pollen which it has brought from 
other flowers against the pistil. 

The stamens do not form a ring round the pistil, 
as IS so usual. On the contrary, one stamen is 



V.] 


THE DEAD NE TTL E 


T4.5 


absent or rudimentary, while the other four lie along 
the outer arch of the flower, on each side of the pistil. 
They are not of equal length, but one pair is shorter 
than the other ; the inner pair in some species, the 
outer pair in others being the longest. Now, why 
is this ? Probably, as Dr. Ogle has suggested, be- 
cause if the anthers had lain side by side, the pollen 
would have adhered to parts of the bee’s head which 
do not come in contact with the stigma, and would 
therefore have been wasted ; perhaps also partly, as 




he suggests, because it would have been deposited 
on the eyes of the bees, and might have so greatly 
inconvenienced them as to deter them from visiting 
the flower. Dr. Ogle’s opinion is strengthened by 
the fact that there are some species, as for instance 
the Foxglove, in which, as shown in Figs, ico — 102, 
the anthers are transvei'se when immature, but become 
longitudinal as they ripen. 

But to return to the Dead Nettle. From the 
position of the stigma which hangs down below the 
anthers (Fig. ill sf), the bee comes in contact with 
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the I'ormcr belore touching the latter, and conse- 
quently generally deposits upon the stigma pollen 
from another flower. The small processes (Figs, 
no, III nt) on each side of the lower lip are the 
rudiments of the lateral leaves with which the an- 
cestors of the Lamium are provided. Thus, then, 
we see how every part of this flower is either — like 
the size and shape of the arched upper lip, the re- 
lative position of the pistil and anthers, the length 
and narrowness of the tube, the size and position 
of the lower lip, the ring of hairs, and the honey 
— adapted to ensure the transference, by bees, of 
pollen from one flower to another ; or, like the 
minute lateral points (;«), an inheritance from more 
highly-developed organs of ancestors. If we com- 
pare Lamium with other flowers we shall see how 
great a saving is effected by this beautiful adaptation. 
The stamens are reduced to four, the stigma almost 
to a point ; how great a contrast to the pines and 
their clouds of pollen, or even to such a flower as 
the Nymphaea, where the visits of insects are se- 
cured, but the transference of the pollen to the 
stigma is, so to say, accidental. Yet the fertilisa- 
tion of Lamium is not less effectually secured than 
in either of these. 

Lamium maculatuni has a somewhat longer tube 
(is — 17 mm.) than L. album, and only bees with a 
long proboscis can therefore suck it. B. terrestris, 
however, obtains access to it by force, and B. rayelhis, 
according to H. Muller, uses the holes made by B. 
terrestris. Tn L. purp 7 ireum the tube is somewhat 
shorter. 
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JLamium ample::)cicaule^ in addition to the -normal 
flowers, also pi'oduces cleistogamous ones (Figs. 36, 
37), which appear in the early spring and again in 
autumn. 

In thi$ genus it would appear, as already men- 
tioned, that the pistil matures as early as the stamens, 
and that cross-fertilisation is obtained by the relative 
position of the stigma, which, as will be seen in the 
figure, hangs down slightly below the stamens, so 
that a bee bearing pollen on its back from a pre- 
vious visit to another flower would touch the pistil 
and transfer to it some of this pollen, before coming 
in contact with the stamens. 

In other species belonging to the same great group 
(^Labiatci) cross-fertilisation is secured by the fact 
that the stamens come to maturity, shed their pollen, 
and are shrivelled up, before the stigma is mature. 
The genus Salvia was described by Sprengel, and 
more recently by Hildebrand and Ogle (Pop, Sci, Rev^ 
July, 1869). Fig. 1 12 represents a young flower of 
Salvia offichialis in which the stamens (y) are mature, 
but not the stigma (p)y which, moreover, from its 
position is untouched by bees visiting the flower, 
as shown in Fig. 113. The anthers, as they shed 
their pollen, gradually shrivel up ; while on the other 
hand the pistil increases in length and curves down- 
wards, until it assumes the position shown in Fig. 
114.5*/, where, as is evident, it must come in contact 
with any bee visiting the flower, and would touch 
just that part of the back on which pollen would be 
deposited by a younger flower. In this manner self- 
fertilisation is effectually provided against. There 
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are, however, several other points in which 6". 
offichzalis differs greatly from the species last de- 
scribed. 

The general form of the flower indeed is very 
similar. We find again that, as generally in the 



Fig. 112 . — Saivzit o^ 0 cmnl{s. Section of a young flower* 
Fig. 113. — Ditto, v'jsited by n, Bee. 

Fig. 1x4. — Ditto* older flower. 


Labiates, the corolla has the lower lip adapted as an 
alighting board for insects, while the arched upper 
lip covers and protects the stamens and pistils. 

In Salvia officinaliSf however, the back of the 
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upper lip shows an arch at the part jr, and the 
front portion of the lip, containing- the stamens, is 
loftier than in Lamium, and does not therefore come 
in contact with the back of the bee (Fig, 112). In evi- 
dent correlation with this arrangement, we find a very 
remarkable difference in the stamens (Figs. 115—16). 
Two of the stamens (Fig. 112, f') are minute and 
rudimentary. In the other pair, the two anther cells 
(Fig. 115 a, a'y instead of being, as usual, close 



Fig. 1T5. — Stamens in their natural 
position. 


Fig. 116. — Stamens wheii. inovec^ hy 
a Bee. 


together, are separated by a long connective (m'). 
Moreover, the lower anther cells (a, a) contain very 
little pollen ; sometimes indeed none at alL This 
portion of the stamen, as shown in Fig. 112, hangs 
down and partially stops up the mouth of the 
corolla tube. When, however, a bee thrusts its head 
into the tube in search of the honey, this part of 
the stamen is pushed into the ai'ch (.ar), the con- 
nectives of the two large stamens revolve on their 
axis, and consequently the fertile anther cells {a) 



TJLUCRlUzM, AJUGA, 


[chap. 


ISO 

are brought down on to the back of the bee as 
shown in Fig. 113. 

In 6'. pratense the lower branch of the anther is 
comparatively short. The different species of Salvia 
differ indeed considerably from one another in this 
respect. One of them, S', clcistogarna^ produces cleis- 
togamous flowers, as its name denotes. 

Xeiicruim Scorodonia is very markedly proteran- 
drous. When the flower first opens the stigma stands 
behind the stamens (Fig. 117) and is not touched by 



Fig. xx'j. — 'Tettcrnan Sofrodouia^ in the FlG. — Ditto, necund state. 

first state. 

the insect. Gradually, however, the stamens turn 
backwards, and the pistil moves forwards (Fig. liS), 
so that in older flowers, it stands where the stamens 
stood before, and in its turn comes in contact with 
the insect. This flower, though not consf)icuous, is a 
favourite with insects. 

In Aju^a reptaiis the upper lip is very short, but 
the flowers stand close to one another, and the 
stamens and pistil of each are protected by the 
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lower bract of the flower above. According to 
Delpino, Ajuga is proterandrous. The pistil is 
alread}?- mature when the flower opens, but then lies 
behind and is protected by the stamens. After a 
while the stamens separate a little, so that the 
stigma is in its turn exposed. In Ballota nigra 
the arrangement of the stamens and pistils is 
somewhat similar, and the flower is also slightly 
proterandrous. 

In Galcobdolon luieutn, the flower tube is eight mm. 
(but, as the upper end is dilated, practically only 
six mm.) in length. Though the stigmatic ends of 
the pistil diverge shortly after the opening of the 
flower, and appear to be then already mature, still 
they occupy a more prominent position at a later 
period. In this I'espect, therefore, it is intermediate 
between Lamium and Ballota. 

Galeopsis tetrahit is a variable plant, and the tube 
varies in length in different specimens from ir to 17 
mm. ; of which, however, the 4 — 6 upper millimetres 
are somewhat expanded. This variability is an in- 
teresting fact in relation to the theory of natural selec- 
tion. The pistil, when mature, moves forward, as in the 
preceding species. G. ochrolenca agrees very closely 
with G. Tetrahit, but the tip of the pistil, instead of 
lying between the anthers of the two longer stamens, 
projects slightly beyond them. G. 'versicolor has a 
longer tube, while G. Ladanum has a somewhat 
shorter one; in most respects, however, they agree 
with G. ochrolettca. 

Stachys sylvatica is distinctly proterandrous, but 
has not lost the power of self-fertilisation. In 6'. 
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palusiris the tube is shorter than in 6". sylvatica ; the 
four stamens are of equal length ; and when the flower 
opens, the anthers of the outer ones lie in front of 
the inner ones. When they have shed their pollen 
they turn outwards, thus exposing the inner ones, 
which in their turn shed their pollen, and then 
move outwards to make room for the pistil, which 
thus occupies the place which they had previously 
filled. 

Betojiica offichialis is also proterandrous ; the pistil 
being comparatively short when the flower first opens, 
and not attaining its full length until the anthers 
have shed their pollen. 

In Caiamint/za Clinopodmm the upper process of the 
stigma varies considerably in size. The stamens are 
still more remarkable in this respect, presenting vari- 
ations which, as mentioned in the case of Galeopsis 
tetrahit, are very interesting. 

I have already in the introductory chapter referred 
to the Thyme (Thyjmts ScrpyUujJt, Figs. 32 and 33) 
as a type of a proterandrous flower. It is extremely 
rich in honey, much frequented by insects, and, 
according to Miillcr, has lost the power of self- 
fertilisation. Besides the ordinary flowers, which 
contain both stamens and pistils, there are other 
smaller ones, which contain a pistil only. In Italy, 
Delpino has observed not only these two kinds, but 
also a third in which the pistil is quite rudimentary. 
Ogle also in England has observed that in some 
flowers the pistil never becomes fully developed. On 
the contrary in Germany, Hildebrand, Ascherson, and 
Muller, have sought in vain for thqse male flowers. 
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This geographical differentiation, if it really exist, is 
very interesting. 

H. Muller attempts to explain the presence of 
these small flowers by pointing out that where there 
is any variation in the size of the flowers, the smaller 
and less showy ones would be the last to be visited 
by the insects. Under these circumstances, as such 
flowers would be fertilised by the pollen derived 
from previous visits, the stamens of such smaller 
flowers would be useless, and would tend to become 
rudimentary. Further observations are, however, 1 
think, required before this explanation can be re- 
garded as satisfactory. 

The Mint (Jkre7itAa arxwnsis) is also proteran-i 
drous, and, like the Thyme, possesses, in addition 
to the hermaphrodite flowers, others which are 
smaller and merely female. Some species of the 
genus are dimorphous. The genus Mentha seems 
to be in some respects a connecting link between 
the typical Labiates, and the ordinary tubular 
form. 

Origamim -viil^are (the Marjoram) also has plants 
with large, proterandrous, bisexual flowers ; and 
others with smaller female ones. In the secretion 
and position of the honey it agrees with the Thyme ; 
but while on the one hand it is less sweet, it is, on 
the other, more conspicuous. These two differences 
nearly counterbalance one another ; the flowers are 
consequently much visited by insects, and have also 
lost the power of self-fertilisation. 

Nejfeta glechoma (the Ground IvjOj like the three 
preceding genera, is proterandrous, and has small 
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female flowers, as well as the larger hermaphrodite 
ones. 

Prunella vtilgaris also has the two kinds of indi- 
viduals, but the female plants are comparatively rare. 
Axell says that, in the absence of insects, the larger 
flowers fertilise themselves, but this was not the 
case with those observed by Muller. If Prunella be 
I'eally self-fertile this would constitute an argument 
against Muller’s view of the origin of the small female 
flowers. 

Lycopus Etiropeeus is distinctly proterandrous. In 
this species, as in Salvia, two of the stamens arc rudi- 
mentary. This is an advantage in Salvia, on account 
of the curious mechanical structure of the stamens. 
In Lycopus, the diminution is perhaps connected with 
the smallness of the size of the flower. Veronica, 
which has the smallest flowers of all the Scrophu- 
lariacese, has also only two stamens instead of four, 
or more. 


YERBENACE^E. 

The common Verbena officinalis is the only species of this 

order. The calyx is five-toothed, the coiadia distinctly tubular, and 
with five somewhat unequal lobes. The stamens are stsmetimes two, 
sometimes four, in number. It secretes honey at the base of the tube. 


PLUMBAGTNE^. 

There are two British genera of this order, viz. Staticc and Armeria. 
The genus Plumbago has already been referred to in the introductory 
chapter p, lo) as an illustratiou of an insect -fertiUsed flower, in 

contrast with Fiantaga mq/or, winch is wind-fertilised. 
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PLANTAGINE^. 

This order contains two British genera ; Plantago 
and Littorella. 

Plantago, the common Plantain, has small, herma- 
phrodite flowers in heads or spikes on a leafless 
peduncle. The sepals are four ; the corolla has four 
lobes ; the stamens are four, alternating with the 
petals, and very long ; the style is long, simple, and 
hairy. This genus offers several interesting pecu- 
liarities. 

Plantago ^najor is proterogynous, and according 
to Axell, as I have already mentioned {anti, p. lo), 
is wind-fertilised, which, hov^ever, is not invariably 
the case in other species. 

In PL laiiccolata, Delpino has observed three dif- 
ferent forms : — 

Firstly, a form with a strong and high stalk ; white 
and broad anthers. This he says is entirely wind- 
fertilised. 

Secondly, one with a less elevated stalk, and less 
exclusively anemophilous. On it he observed a 
species of Halictus, which endeavoured to collect 
pollen. The plant is, however, so little suited to this, 
that most of the pollen fell to the ground. 

Thirdly, a dwarf variety, with shorter stamens. 
This ""form was visited by several species of bees 
and is intermediate between wind-fertilisation and 
insect-fertilisation. Muller also has observed two 
varieties of this species ; one tall and long-eared, the 
other shorter and smaller ; both of them were visited 
by insects. P. lanceolata is proterogynous. 
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Planiag-o media is also proterogynous, though less 
so than lanceolata. It is more frequently visited 
by insects, having a slight scent, and stamens with 
pink filaments. Nevertheless, it appears to be gene- 
rally fertilised by wind. 

According to IDarwin, several North American 
species are dimorphous {^Proc, JLifin^ Soc^ v. vi., 1862, 
p. 95), and Kuhn states that some have also cleisto- 
gamous dowers. 



Fig. 119, — CHKNOPODIUM BONUS-HENRICUS. 


CHAPTER VI. 

INCOMPLETE. 

Of this sub-class we have in Britain representa- 
tives of fifteen orders, some of them very numerous 
and important. To it, for instance, belong many of 
our forest trees, such as the elm, oak, beech, birch, 
poplar, willow, pine, fir. See. ; and a large number 
of the common herbs, such as the nettles, .cheno- 
podiums, euphorbias (spurges), &c. The flowers, 
however, are generally less conspicuous (see Fig. 119) 
than those we have hitherto been considering, and 
offer fewer adaptations in relation to insects ; being 
in many cases wdndTertilised : thus in H. Muller's 
work, less than ten pages are occupied by this whole 
sub-class, of which more than half are devoted to the 
Folygonaceae, and a greater part of the remainder to 
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the AristolocliiaceJE ; two orders which in many re- 
spects form a marked contrast to the remainder, and 
have, at least in some species, conspicuous flowers. 
In the other orders, on the contrary, the flowers are 
generally minute. Thus in the Paronj^chiacese, 
Bentham says, “ Petals usually none, or represented 
by five small filaments ; ” in Santalacese, “ flowers 
small in Empeti'aceae, flowers “ minute, axillary ; ” 
in Callitrichinese, flowers “minute;” in Urticacese, 
flowers “ small ; ” in Ulmacere, flowers “ small ; ” 
w’hile in the Amentaceae (beech, oak, birch, &c.), and 
Coniferae, the flowers rarely are coloured, or contain 
honey. Indeed, it is, I think, a strong argument in 
favour of Sprengel’s views, that while large flowers 
are almost always coloured, small ones are usually 
greenish ; thus out of thirty-nine British genera of 
Incompletse, by far the greater number of which have 
small flowers, in no less than thirty-seven genera they 
are also more or less greenish. 

In the Polygonacese, the species of the genus 
Rumex are wind-fertilised ; occasionally, however, 
visited by insects. 

The species of Polygonum differ considerably 
from one another in the mode of their fertilisation. 
Some, as, for instance, P. aviciilare (Knotweed), have 
small inconspicuous flowers, and very little, if any 
honey. They are consequently but seldom visited by 
insects. Other species, on the contrary, such as P. 
Fagopyi'zmt (the Buckwheat), and P. Bistorta, are 
much more conspicuous, contain honey, and are 
fertilised by insects. These species, however, also 
differ considerably ; P. Bistorta is proterandrous 
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When the flower opens the stamens are ripe, while 
the stigmas do not mature till the anthers have 
shed their pollen, and shrivelled up. P, Pag-opj/ 7 ^zim, 
on the contrary, is dimorphous ; some plants having 
short stigmas and long stamens : others, on the con- 
trary, long stigmas and short stamens. 

The curious arrangement by which cross-fertilisa- 
tion is secured in Aristolochia, has been already de- 
scribed in the introductor};- chapter (azitk, p. 27). 
Asarum, according to Delpino, is also proterogynous. 

Ruppia is an aquatic genus. At the time when 
the pollen is shed, the female flowers are immature, 
and the flower-stalk is short and submerged ; when, 
however, the pollen has all escaped, the female 
flowers mature, the flower-stalk elongates and as- 
sumes a spiral form, so that notwithstanding any 
slight change of level, the flower rests on the sur- 
face of the water. A similar arrangement occurs 
in Valisneria. 

Potamogeton is proterogynous (Delpino — Ult. Os- 
serv. Part ii. p. 22). 

In the Amentaceae (oak, beech, willow, poplar, 
hazel, hornbeam, birch, alder, &c.) the flowers are 
unisexual, and generally monoecious ; the males are, 
in some species — as, for instance, in the hazel — visited 
by insects for the sake of the pollen. As, however, 
they scarcely ever produce honey, the female flowers 
offer no attraction to insects, which consequently take 
no part in the fertilisation. 
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MOJVOCO TY JLJE: D O N S. 

In this class the plumule, or bud, is in germination 
developed from a sheath-like cavity on one side of 
the embryo* 

Although among the Monocotylcdonous orders we 
do not meet with so many instances of adaptation 
to insects as is the case in the Dicotyledons ; none, 
are more curious or interesting than those afforded 
by the Orchidacese. 


ALISMACEA^* 


Alisma Plaiitag^o has rather small, pale, rose- 
coloured flowers, forming a loose pyramidal panicle 
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one to three feet high. The flowers secrete honey 
from twelve glands, situated on each side of the 
projecting bases of the stamens. These are six in 
number, and the pollen-covered side of the anthers 
is, according to H. Muller, turned outwards. Under 
these circumstances, insects are more likely to fertilise 
the flower with pollen obtained from another blossom 
than with its own. 

In Butomus, on the contrary, the flowers are on 
stalks, and form a large fiat umbel. They are 
proterandi'ous ; while Triglochin, according to Axell, 
is proterogynous. 


HYBROCHARIDE^. 

This order contains three British genera ; Elodea, 
Hydrocharis, and Stratiotes. 

Elodea canadensis (Anackaris Alsinastrmn) is a 
common American weed, which first appeared in our 
country in 1847, and has since spread with great 
rapidity. It is dioecious, and it is remarkable that it 
has not as yet been known to produce male flowers 
in this country ; they are, moreover, rare in America. 
The female flowers are small, with a long, threadlike, 
perianth -tube, containing a style which terminates “in 
three stigmas. 

Stratiotes aloides is also dioecious. The male 
flowers are contained several together in a spathe, 
stalked, and have twelve or more stamens. The 
female flowers are solitaiy and sessile. Both sexes 
secrete honey. 

M 
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ORCHIDACE^. 

This order is the subject of Mr. Darwin’s admirable 
work, “On the Various Contrivances by which British 
and Foreign Orchids are fertilised by Insects,” from 
which the following facts are taken. The order con- 
tains sixteen British genera, several of them extremely 
curious and pretty. The species with long nectaries 
are fertilised by Lepidoptera, those with shorter ones, 
as a general rule, by bees and flies ; Epipactis latifolia, 
it is said, exclusively by wasps, so that, according to 
Darwin, “ if wasps were to become extinct in any 
district, so Avould the Epipactis latifoliaP Other 
species on the contrary such as Epipactis viridifplia, 
and Ophrys apifcra Cthe Bee Orchis) habitually 
fertilise themselves. It i.s remarkable that in some 
Orchids the ovules are not developed until several 
weeks, or even months, after the pollen tubes have 
penetrated the stigma. (Hildebrand, Bot. Zeit., 1863 
and 1865. Fritz Muller, Bot. Zeit., 1S68.) 

The flower in this order is very abnormal. There 
is, except in Cypripedium, only one anther, which 
is confluent with the style, forming the so-called 
“column.” The anther is divided into two cells, 
which are often so distinct as to appear like two 
separate anthers. The pollen in most Orchids co- 
heres in masses, which are supported by a stalk 
or “ caudicle ; ” the pollen masses with their stalks 
are called “pollinia.” The styles are theoretically 
three in number ; but the stigma of the upper one 
is modified into a remarkable organ called the 
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rostellum/" and those of the two lov*7er ones are 
often confluent, so that they appear like one. 

Orchis masctda (Fig. 120) is perhaps our commonest 
species. 

Fig. 121 represents the side view of a flower from 
which all the petals and sepals have been removed, 
except the lip (/) half of which has been cut away, 
as well as the upper portion of the near side of 



the nectary (it). The pollen forms two masses 
(Figs. 1 2 1, I22^^, and 123), each attached to a taper- 
ing stalk, which gives the whole an elongated pear- 
like form, and is attached to a round sticky disk (Fig. 
I 2 .zd), which lies loosely in a cup-shaped envelope or 
rostellum (?''). This envelope is at first continuous, 
but the slightest touch causes it to rupture transversely, 

M 2 
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and thus to expose the two viscid balls {dd). Now 
suppose an insect visiting this flower: it alights on 



Fio. 123 . FtcJ, laj. 

Fig* X2X. — Side view of flower, with all the petals and sepals cut off except the 
lip, of which the near half is cut away, as well as the upper portion of the near 
side of the nectary . 

Fig. r22. — Front view of flower, with all sepals and petals removed except the lip. 

Fig. 123. — The two polHnLa. 

the lip (/), and pushing- its proboscis down the nec- 
tary to the honey, it can hardly fail to bring the 
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base of the proboscis into contact with the two 
viscid disks, which at once adhere to it, so that when 
the insect draws back its proboscis, it carries awa3^ 
the two pollen masses. It is easy to imitate this with 
a piece of grass, and to carry away on it the two 
pollen masses and their stalks. If, however, the 
pollinium retained this erect position when the insect 
came to the next flower, it would simply be pushed 
into or against its old position. Instead, however, of 
remaining upright, the pollinia, by the contraction of 
the minute disk of membrane to which they are 
attached, gradually turn downwards and forwards, 
and thus when the insect sucks the next flower, the 
thick end of the club exactly strikes the stigmatic 
surfaces {st st). The pollinium or pollen-mass consists 
of packets of pollen grains, fastened together by 
elastic threads. The stigma, however, is so viscid, 
that it pulls off some of these packets, and ruptur^^s 
the threads, without I'emoving the whole pollinium, 
so that one pollinium can fertilise several flowers 

This description applies in essentials not only to 
Orchis masculay but also to O. MoriOy O. fztscay O, 
maciilaia, and O, latifoliay as well as to Aceras 
anthropophora (the Man orchis), in all of which 
the pollinia undergo, after removal from the anther 
cells, the curious movement of depression, which is 
necessary in order to place them in the right position 
to strike the stigmatic surface. 

O. pyramidalis differs from rue aoove group m 
several important points. The two stigmatic surfaces 
are quite distinct, and the rostellum is brought down, 
so as to overhang and partly close the entrance to the 
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nectary. The viscid disks which support the pollen 
masses, are united into a single saddle shaped-body. 
The lower lip is furnished with two prominent ridges, 
which serve to guide the proboscis of the insect into 
the orifice of the nectary. It is of course important 
that the -proboscis should not enter obliquely, for in 
that case the pollen masses would not occupy exactly 
the right position. 

Following Darwin and other botanists, I have 
applied to the spur of Orchis the term “ nectary.” 
As a matter of fact, however, the flowers of this 
genus produce no honey ; whence Sprcngcl applied 
to them the term “ Scheinsaftblumen ” or “ Sham- 
honey-flowers.” Darwin does not, however, think that 
moths (by which the flowers of this group are prin- 
cipally fertilised) could be so deceived for generation 
after generation ; and as he has observed that the 
membrane of the interior of the spur is very delicate, 
and the cellular tissue extremely juicy, he suspected 
that insects possibly pierce the membrane, and suck 
the juicy sap lying beneath. PI is suggestion has 
been confirmed by hi. Muller, and he himself in a 
subsequent memoir {Aim. a?id of Nat. His., 

i86g, p. 143) speaks confidently on the point. 

The flowers belonging to the genus Ophrys are 
formed somewhat on the same plan as those of Orchis, 
but they have no spur, and the rostcllum is double. 
The Bee orchis {O. apiferd). Fig. 124, however, differs 
widely from the other allied British species. The 
two pouch-formed rostellums, the viscid disk, and 
the position of the stigma, are nearly the same, but 
the stalks of the pollen masses are long, thin, flexible. 
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and too weak to stand upright. The distance of the 
pollen masses from one another, and the shape of 
the pollen grains is moreover v'^riable. The anther 
cells open soon after the flower expands, and the 
pear-shaped pollen masses drop out, so as to hang 
directly over the stigma, with which a breath of air 
is sufficient to bring them in contact. While there- 
fore in most species of Orchis and Ophrys, self-fertilis- 



Fig. 124. — njiiyertx^. 


ation appears to be impossible, in the Bee Ophrys, 
as R. Brown long ago pointed out {Trans. Linn. Soc.^ 
V. xvi.) it is carefully provided fon Darwin has 
examined hundreds of flowers, and has never seen 
reason in a single instance to believe that pollen had 
been brought from one flower to another ; and he 
has met with very few cases in which the pollen mass 
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failed to reach its own stigma. He has never seen 
an insect visit the flowers of this species, and R. 
Brown suggested that the resemblance of the flower 
to bees was to deter insects from visiting them. 
Darwin does not think this probable. He believes 
also that, though this species habitually fei'tilises 
itself, the curious arrangements which it possesses 
in common with other allied species, are of use in 
securing an occasional cross, even if only at very 
long intervals. 

Ophiys arachnites is b^^ some botanists (for instance 
by Bentham) regai'ded as a more variety of O. 
apifera, but the stalks of the pollen masses are not 
much more than half as long, without any diminution 
of thickness. In proportion, therefore, and in their 
stiffness, they more nearly resemble the other section 
of the group. Mr. Moggridge, however, has found 
at Mentone intermediate forms, not only between 
O. aracimites and O. apifera, but aLso between 
these, O. arajiifcra and O. Scolopax. O. arachnites 
and O. apifera do not in England appear liable to 
pass into one another. 

In the Musk orchis {Herinininm monorchis), the 
stalks of the pollen masses are short, and the disks 
large. This species docs not produce honey, but has 
a strong odour, especially at night. 

Habenaria chlorantha (the Large Butterfly orchis) 
has both a sweet scent and honey. It is much fre- 
quented by insects. The anther cells are widely 
separated ; the pollinia slope backwards, and are 
much elongated ; the viscid disk is circular, prolonged 
on its imbedded side into a short, drum-like pedicel. 
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When exposed to the air this drum contracts on one 
side, and alters the direction of the pollen mass, thus 
bringing it (as in OrcJds masctild) into such a position 
that it comes in contact with the stigmatic surface of 
the flower to which it is carried. 

Habcfiaria bifolia (the Lesser Butterfly Orchis) is 
by Bentham and other high authorities, considered as 
a mere variety. Yet, as Darwin points out, it differs 



Fig. las* — Cej^halauiliera 


in many important particulars. The viscid disks are 
oval ; the viscid matter itself is of somewhat different 
character ; the drum-like pedicel is rudimentary ; the 
stalk of the pollen mass is much shorter ; the packets 
of pollen shorter and whiter; and the stigmatic 
surface more distinctly tripartite. 

The genus Cephalanthera (Fig. 125, Cephalanthera 
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grandifiord) differs from those hitherto described in 
not possessing a rostellum, and in having the pollen 
grains single. The flower stands upright, and the 
labellum is formed of two portions ; a base, and a 
small triangular flap, which at first closes the tube ; 
then turns back, thus forming a small binding place 
in front of a triangular door, situated half way up 
the tube ; and lastly rises up again and closes the 



entrance. The pollen mass is situated just above the 
stigma ; and while the flower is in bud, or at any 
rate before it becomes quite open, the pollen grains 
which rest on the sharp edge of the stigma, emit a 
number of tubes which deeply penetrate the stigmatic 
tissue. These serve partially, but, as Darwin has 
shown, only partially, to fertilise the flower ; he 
suggests that the principal use of this closing of the 
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flower and emission of the pollen tubes is probably 
to retain the pollen, which would otherwise fall out 
of the flower. In this curious manner, however, they 
are retained in a proper position until the flower is 
visited by insects, to which they readily adhere ; and 
which are necessary to ensure the perfect fertility of 
the plant. 

Listcj'a 07 'ata (the Twayblade, Fig. 126) has been 
carefully described by Sprengel, by whom the struc- 
ture and action of the rostellum was, however, mis- 
understood, and by Dr. Hooker {Philosophical Trans- 
actio?is, 1854), who described the flower with accuracy 
and minuteness ; but the relations of the flower to 
insects, and consequently the true functions of the 
various parts, were first perceived by Darwin. The 
pollen masses lie immediately above the rostellum ; 
the pollen is friable and would not of itself adhere 
to insects, but this is effected by a very remarkable 
contrivance (see Hildebrand, p. 53). The moment 
the summit of the rostellum is touched, it expels a 
large drop of viscid fluid, which glues the pollen to 
the insect or other body. A ver^ slight touch, even 
for instance with a human hair, is sufficient to produce 
this remarkable phenomenon. 

Ncoiiia nidus avis (the Bird’s Nest Orchis) agrees 
in the essential points with Listera, though in the 
position of the honey, &c., it offers minor differences. 

Cypripedium (the Ladies’ Slipper, Fig. 127 and 
128, C. lo 7 igifolinm'), the lower lip has the form of a 
slipper, whence the name. This genus has two fertile 
anthens, which are rudimentary in other Orchids, 
while the one which is present in them is represented 
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hy a singular sliield-like body. The opening into 
the slipper is small, and partly closed by the stigma 
and this shield-like body, which lies between the 
other two anthers. The result is that the open- 
ing into the slipper has a horseshoe-like form, and 
that bees or other insects which have once en- 
tered the slipper (Figs. 127-8) have some difficulty 
in getting out again. While endeavouring to do 
so they can hardly fail to come in contact with the 



Fic. 137 . —Flower of CvJ>riJfcdium ian- Fu;. laS.— i:)it£o. Seen from the side. 

gtf&hum. Front view. 

stigma, which lies under the shield-like representa- 
tive of the middle anther. As the margins of the 
lip are inflected (Figs. 137-8^), the easiest exit is 
at the two ends of the horseshoe, and by one 
or other of these (Fig. 127 e) the insect generally 
escapes, in doing which, however, it almost inevitably 
comes in contact with, and carries off some of the 
pollen, from the corresponding anther. The pollen 
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of this genus is immersed in a viscid fluid, by means 
of which it adheres firstly to the insect, and secondly 
to the stigma, while in most Orchids it is the stigma 
which is viscid. In a Trinidad species, Coryanthes 
macrmztha^ according to Dr. Cruger, the basal part 
of the lip forms a bucket, which secretes a copious 
fluid which wets the wings of the bees, and by 
rendering them temporarily incapable of flight, com- 
pels them to creep out through the small pas- 
sages close to the .anther and stigma; thus securing, 
though by different means, the object which in Cypri- 
pedium is effected by the inflected margins of the 
labellum. (your, Linn, Soc,^ 1864,) 

Such are a few of the remarkable contrivances ex- 
isting among British Orchids/ I must refer those who 
wish for more detailed information, to Mr. Darwin's 
charming work. 

Although I have thought it well to confine myself 
for the most part to illustrations taken from our 
common wild flowers, I cannot resist mentioning 
the case of Catasetum, one of the Vandese, which as 
Mr. Darwin says, are the most remarkable of all 
Orchids.” In Catasetum, the pollinia and the stig- 
matic surfaces are in different flowers, hence it is 
certain that the former must be carried to the latter 
by the agency of insects. The pollinia moreover are 
furnished with a viscid disk, as in Orchis, but the 
insect has no inducement to approach, and in fact 
does not touch, the viscid disk. The flower, however, 
is endowed with a peculiar sensitiveness, and actually 
throws the pollinium at the insect. Mr. Darwin has 
been so good as tn irritate one of these flowers in ray 
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presence: the pollinium was thrown nearly three feet, 



Fig. lag.— Suic view o( Cstfaseium saccninm^ with all th«£ .ti»d removed 

except the labellum* 

when it struck and adhered to the pane of a window. 
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This irritability, however, is confined to certain parts 
of the flower. Fig. 129 represents a male flower of 
Catasetum saccatttm, which is also shown in section 
in Fig. 130. In this figure it will be seen that 
the pollinium (pcei) is curved and in a state of con- 
sidenible tension, but retained in that position by 



Fig. 130.— Section of ditto, with all the parts a little expanded, 

a delicate membrane. Now insects alight as usual 
on the lip of the flower (/), and it will be seen that in 
front of it are two long processes called antennae 
In some species of Catasetum both these antennae are 
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highly irritable ; in the present species the right-hand 
one is apparently functionless ; but the moment the 
insect touches the left-hand one, the excitement is 
conveyed along it, the membrane retaining the polli- 
nium is ruptured, and the latter is immediately jerked 
out of the flower, by its own elasticity, with consider- 
able force, with the viscid disk {d) foremost, and in such 
a direction as to come in contact with the head of the 
insect which had touched the antenna. On subse- 
quently visiting a female flower the insect brings the 
pollen into contact with the stigma. 


AMARYLLIDE/E. 


This beautiful order contains three British genera ; Narcissus, Galan^ 
thus (the Snowdrop), and JLeucoium. 

The Snowdrop is probably not a true native of this country, but has 
long been naturalised in many parts. It is sweet scented, and melliferous ; 
as the flower hangs down, the honey is perfectly protected from rain by 
the leaves of the perianth. The lluwer remains open from about ten in 
the morning till four in the afternoon, when it closes for the night. 
The pistil is white, except at one part a little above the middle where 
it is tinged green, a character more marked in the ne.Kt genus, 
Teucoiiim. 




We have five British genera of this group ; Iris, Gladiolus, Sisyrin- 
chium, Trichonema, and Crocus. 

Iris pseudacorzis T. secretes honey. It is fertilised by humble bees, 
and according to Miiller, still more frequently by Rhingia. The flowers 
are large and showy, the three outer perianth-segineuts large, spreading 
and reflexed, the three inner ones much smaller and erect. Idie stigmas 
are three in number, enlarged, and each%vith an appendage resembling a 
petal, which arches over the corresponding stamen and outer segment of 
the perianth* In order to reach the honey, insects have to force their 
way between this segment and the over-arching stigmatic leaf. 
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DIOSCORIDE^. 

The Vam family contains hut one British genus, Tamus ; with one 
species, T'amus commtenls (Black Bryony). A pretty, straggling creeper, 
dioecious, with small, yellowish green flowers ; the male in laxer, 
the female in closer, racemes. 


lAlAKCEsM. 

lliis order contains seventeen British genera, including the Lily, 
Onion, Tulip, Colchicum, Asparagus, Solomon’s Seal, Fritillaria, Lily 
of the Valley, Butcher’s Broom (Ruscus), &c. 

Paris qttadrifoUa is proterogynous. The perianth is yellowish green, 
and produces no honey. The structure of this curious flower has not J 
think been satisfactorily explained. 

The Lily of the Valley \Co 7 ivallaria majalis') is likewise honeyles^ 
hut is much visited by Hive bees for the pollen. 

AUiutn nrsinum is melliferous, and imperfectly proterandrous ; Zic?Wi& 
serotina^ on the contrary, is said by Ricca to be very decidedly so. 

Hyacinihus oHentalis produces no honey, but the fleshy base of the 
flower is pierced by some insects for the sake of the sap. 

The Common Asparagus is a cultivated variety of A. officinalis^ 
which grows on mantime sands, or sandy plains, in central and western 
Asia, and on the south European coasts up to the English Channel. 
The flowers are melliferous, small, greenish white, on slender stalks, 
two or three together in the axils of the branches. The species is par- 
ticularly interesting, as an instance of an unisexual flowei', which is 
evidently descended from bisexual ancestors ; since the male flowers 
contain a rudimentary style, the female flowers rudimentapr stamens. 
In accordance with Sprengel’s rule, the male flowers are distinctly larger 
than the female, being about six mm. long, while the female are only 
three mm. long. 

Colchicum mitumnale is proterogynous, though the stigma is still 
capable of fertilisation when the anthers ripen. Honey is secreted by 
the base of the stamens. 


JUNCACE^E. 

We have two genera belonging to the Juncacese (Rushes). Juncus 
(the Rush), with fourteen species ; and Luzula (the Woodrush) with 
i»ve. They are wind-fertilised, and, at least as regards some species, 
are proterogynous. 

K 
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CYPERACE.'E. 


The Cyperaccire (Sedi^e.'^) are a veiy numerous group containinnr eight 
British genera. The flowers are minute, greenish or brownisli, ami 
wind-fertilised, but are sometimes visited by insects for the sake of 
the pollen. 


GRAMINErE. 

The order Graniuiea? (Grasses) is very extensive, containing more than 
forty British genera. They are, however, wind- fertilised. 


This is the last order which I have to mention. 
Those who have done me the honour to read so flir, 
will not need to be told that this little book is frag- 
mentary and incomplete. For my own part, I am 
only too sensible of it. Nevertheless, the fault is not 
altogether mine. Our knowledge of the subject is as 
yet in its infancy ; and indeed, my great object has 
been to bring prominently before my readers how 
rich a field for observation and experiment is .still 
open to us. Most elementary treatises unfortunately, 
though perhaps unavoidably, give the impression that 
our knowledge is far more complete and exact than 
really is the case. This naturally tends to discourage, 
rather than to promote, original obseiwations. Few, 
I believe, of those who arc not specially devoted to 
zoology and botany have any idea how much still 
remains to be ascertained with reference to even the 
commonest and most abundant species. In the pre- 
sent case, I have confined myself to the consideration 
of Flowers in relation to Insects. The interesting 
adaptations presented by such forms as the grasses. 
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conifers, &c., which are fertilised by the action of the 
wind, did not therefore come within my subject. 

The causes which have led to the different forms 
of leaves have been, so far as I know, explained in 
very few cases ; those of the shapes and structure of 
seeds are tolerably obvious in some species, but in 
the majority they are still entirely unexplained ; and 
even as regards the blossoms themselves, in spite of 
the numerous and conscientious labours of so many 
eminent naturalists, there is no single species as yet 
thoroughly known to us. 
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Thyme, 29, 30, 143, 153. 
Tibia of Bees, 18. 

Txlia, 71. 

Tiliaceae, 71. 


80 



iS6 


1X1} EX, 


Tarilis, 105. 
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Tulip, 175 * 

Tussilago, 1 1 2, 116. 
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